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Dear Mr. Citron:

Thank you for discussing SPIRIVA® HandiHaler® (tiotropium bromide inhalation powder)
with your Boehringer Ingelheim Pharmaceuticals, Regional Manager, State Government
Affairs, Joe Riedl.  You requested American Academy of Managed Care Pharmacy (AMCP)
Dossier for review during the upcoming Pharmacy and Therapeutics Committee meeting at
your institution as well as an electronic version the recent publication by Tashkin and
collegues.

SPIRIVA HandiHaler is indicated for the long-term, once-daily, maintenance treatment of
bronchospasm associated with chronic obstructive pulmonary disease (COPD), including
chronic bronchitis and emphysema. Any other use not included in the package insert(s) is an
investigational use and cannot be recommended by Boehringer Ingelheim Pharmaceuticals,
Inc.

Please find the enclosed AMCP Dossier (Clinical and HE data) and SPIRIVA bibliography.
Also, attached below for your reference is additional information on the following topics:

• Use in COPD Patients with Asthma
• Cardiovascular Side Effects
• Combined with Inhaled Corticosteroids
• Formoterol Versus and in Combination with SPIRIVA
• INSPIRE Trial
• Salmeterol Plus Fluticasone Combined with SPIRIVA
• Salmeterol Plus Fluticasone Versus SPIRIVA
• UPLIFT Trial Results
• Use in Patients with Mild-to-Moderate COPD

Regrettably, an electronic version of the UPLIFT publication is not available; however the
complete citation is as follows: Tashkin DP, Celli B, Senn S, Burkhart D, et al.  A 4-year trial
of tiotropium in Chronic Obstructive Pulmonary Disease.  N Engl J Med 2008;359(15):1543-
1554.  The publication can be accessed at http://content.nejm.org/cgi/reprint/359/15/1543.pdf.

If you did not request this information, please contact our Drug Information Unit Call Center
at 1-800-542-6257 (option #4).

Thank you for your interest in SPIRIVA HandiHaler.  If you should have any further questions,
please do not hesitate to contact the Drug Information Unit.

Sincerely,

The Drug Information Unit Healthcare Professional Staff

900 Ridgebury Rd/P.O. Box 368
 Ridgefield, CT 06877-0368
 Telephone (800) 542-6257
 Telefax (800) 821-7119
 E-Mail: druginfo.rdg@boehringer-
               ingelheim.com

http://content.nejm.org/cgi/reprint/359/15/1543.pdf.
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AMCP Dossier (Clinical and HE data)

The AMCP dossier is intended to provide clinical and outcome data that are useful for formulary review.  The Drug
Information Unit is available to answer questions regarding the content of this material.  Please contact your
Boehringer Ingelheim Pharmaceuticals, Regional Manager, State Government Affairs, Joe Riedl for the scheduling of
consultations.

Bibliography

For your information, full prescribing information and a comprehensive bibliography regarding tiotropium has been
enclosed.

Manuscripts / Reviews

Rabe KF, Timmer W, Sagkriotis A, Viel K. COMPARISON OF A COMBINATION OF TIOTROPIUM AND
FORMOTEROL TO SALMETEROL AND FLUTICASONE IN MODERATE COPD. Chest 2008; 134 (2):255-262.

FDA LOOKS AT POSSIBLE INCREASED STROKE RISK WITH TIOTROPIUM. Pharm J 2008;280:389.

Ando F, Ruggeri P, Girbino G, Cazzola M.  TIOTROPIUM AND SALMETEROL/FLUTICASONE
COMBINATION DO NOT CAUSE OXYGEN DESATURATION IN COPD. Respir Med 2008;102(6):815-818.

Singh D, Brooks J, Hagan G, Cahn T, O'Connor B. TRIPLE THERAPY WITH SALMETEROL/FLUTICASONE
PROPIONATE AND TIOTROPIUM BROMIDE VERSUS INDIVIDUAL COMPONENTS IN MODERATE TO
SEVERE COPD. Thorax 2008;63(7):592-598.

Wilt TJ, Niewoehner D, MacDonald R, Kane RL. MANAGEMENT OF STABLE CHRONIC OBSTRUCTIVE
PULMONARY DISEASE: A SYSTEMATIC REVIEW FOR A CLINICAL PRACTICE GUIDELINE. Ann Intern
Med 2007;147:639-53.

Saito  Y,  Azuma A,  Morimoto  T,  Fujita  K,  Abe S,  Motegi  T,  Usuki  J,  Kudoh S.   TIOTROPIUM AMELIORATES
SYMPTOMS IN PATIENTS WITH CHRONIC AIRWAY MUCUS HYPERSECRETION WHICH IS RESISTANT
TO MACROLIDE THERAPY. Intern Med (Tokyo) 2008;47(7):585-591.

Rice KL, Kunisaki KM, Niewoehner DE. ROLE OF TIOTROPIUM IN THE TREATMENT OF COPD [Review]. Int
J Chronic Obstruct Pulm Dis 2008;2(2):95-105.

Johansson G, Lindberg A, Romberg K, Nordström L, Gerken F, Roquet A.  BRONCHODILATOR EFFICACY OF
TIOTROPIUM IN PATIENTS WITH MILD TO MODERATE COPD. Prim Care Resp J 2008.  In Press, available
at www.thepcrj.org.

Kesten S, Casaburi R, Kukafka D, Cooper CB.  IMPROVEMENT IN SELF-REPORTED EXERCISE
PARTICIPATION WITH THE COMBINATION OF TIOTROPIUM AND REHABILITATIVE EXERCISE
TRAINING IN COPD PATIENTS.   Int J Chronic Obstruct Pulm Dis 2008;3(1):1-10.

Tonnel A-B, Perz T, Grosbois J-M, Verkindre C, TIPHON study group.  EFFECT OF TIOTROPIUM ON HEALTH-
RELATED QUALITY OF LIFE AS A PRIMARY EFFICACY ENDPOINT IN COPD.  Int J Chronic Obstruct Pulm
Dis 2008;3(2):1-10.

Tashkin  DP,  Littner  M,  Andrews CP,  Tomlinson L,  Rinehart  M,  Denis-Mize  K.  CONCOMITANT TREATMENT
WITH NEBULIZED FORMOTEROL AND TIOTROPIUM IN SUBJECTS WITH COPD: A PLACEBO-
CONTROLLED TRIAL. Respir Med 2008;102(4):479-487.

http://www.thepcrj.org./


BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 4

Criner GJ, Sharafkhaneh A, Player R, et al. EFFICACY OF TIOTROPIUM INHALATION POWDER IN
AFRICAN-AMERICAN PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE. COPD: J
Chronic Obstruct Pulm Dis 2008;5(1):35-41.

Moita J, Barbara C, Cardoso J, et al. TIOTROPIUM IMPROVES FEV1 IN PATIENTS WITH COPD
IRRESPECTIVE OF SMOKING STATUS. Pulm Pharmacol Ther 2008;21(1):146-151.

Bateman ED, van Dyk M, Sagriotis A. COMPARABLE SPIROMETRIC EFFICACY OF TIOTROPIUM
COMPARED WITH SALMETEROL PLUS FLUTICASONE IN PATIENTS WITH COPD: A PILOT STUDY. Pulm
Pharmacol Ther 2008;21(1):20-25.

Wedzicha JA, Calverley PMA, Seemungal TA, Hagan G, Ansari Z, Stockley RA. THE PREVENTION OF
CHRONIC OBSTRUCTIVE PULMONARY DISEASE EXACERBATIONS BY SALMETEROL/FLUTICASONE
PROPIONATE OR TIOTROPIUM BROMIDE. Am J Respir Crit Care Med 2008;177(1):19-26.

Magnussen H. Bugnas B. van Noord J. Schmidt P. Gerken F. Kesten S. IMPROVEMENTS WITH TIOTROPIUM IN
COPD PATIENTS WITH CONCOMITANT ASTHMA. Respir Med 2008;102(1):50-56.

Chan CKN, Maltais F, Sigouin C, Haddon JM, Ford GT. A RANDOMIZED CONTROLLED TRIAL TO ASSESS
THE EFFICACY OF TIOTROPIUM IN CANADIAN PATIENTS WITH CHRONIC OBSTRUCTIVE
PULMONARY DISEASE. Can Respir J 2007;14(8):465-472.

Bos IST, Gosens R, Zuidhof AB. INHIBITION OF ALLERGEN-INDUCED AIRWAY REMODELLING BY
TIOTROPIUM AND BUDESONIDE: A COMPARISON. Eur Respir J 2007;30(4):653-661.

Powrie DJ, Wilkinson TMA, Donaldson GC. EFFECT OF TIOTROPIUM ON SPUTUM AND SERUM
INFLAMMATORY MARKERS AND EXACERBATIONS IN COPD. Eur Respir J 2007;30(3):472-478.

Verbanck S, Schuermans D, Vincken W. SMALL AIRWAYS VENTILATION HETEROGENEITY AND
HYPERINFLATION IN COPD: RESPONSE TO TIOTROPIUM BROMIDE. Int J Chronic Obstruct Pulm Dis
2007;2(4):625-634.

Gonlugur U. THE EFFECT OF TIOTROPIUM ON THE PULMONARY DIFFUSING CAPACITY. Methods and
Findings in Experimental and Clinical Pharmacology 2007;29(8):535-537.

Kerstjens HAM, Bantje TA, Luursema PB, et al. EFFECTS OF SHORT-ACTING BRONCHODILATORS ADDED
TO MAINTENANCE TIOTROPIUM THERAPY. Chest 2007; 132(5):1493-1499.

Matsuyama W, Mitsuyama H, Koreeda Y, Higashimoto I, Osame M, Arimura K. USE OF TIOTROPIUM BROMIDE
FOR PRE-OPERATIVE TREATMENT IN CHRONIC OBSTRUCTIVE PULMONARY DISEASE PATIENTS:
COMPARISON WITH OXITROPIUM BROMIDE. Int Med 2007;46(17):1373-1380.

Hodder R, Kesten S, Menjoge S, Viel K. OUTCOMES IN COPD PATIENTS RECEIVING TIOTROPIUM OR
SALMETEROL PLUS TREATMENT WITH INHALED CORTICOSTEROIDS. Int J Chronic Obstruct Pulm Dis
2007;2(2):157-167.

Travers J, Laveneziana P, Webb KA, Kesten S, O'Donnell DE. EFFECT OF TIOTROPIUM BROMIDE ON THE
CARDIOVASCULAR RESPONSE TO EXERCISE IN COPD. Respir Med 2007;101(9):2017-2024.

Cazzola M, Ando F, Santus P, Ruggeri P, Di Marco F, Sanduzzi A. D'Amato M. A PILOT STUDY TO ASSESS
THE EFFECTS OF COMBINING FLUTICASONE PROPIONATE/SALMETEROL AND TIOTROPIUM ON THE



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 5

AIRFLOW OBSTRUCTION OF PATIENTS WITH SEVERE-TO-VERY SEVERE COPD. Pulm Pharmacol Ther
2007;20(5):556-561.

Rodrigo GJ, Nannini LJ. TIOTROPIUM FOR THE TREATMENT OF STABLE CHRONIC OBSTRUCTIVE
PULMONARY DISEASE: A SYSTEMATIC REVIEW WITH META-ANALYSIS. Pulm Pharmacol Ther
2007;20(5):495-502.

Asamoto H, Iwasaki A. CLINICAL EFFECTS OF TIOTROPIUM BROMIDE (SPIRIVA) IN THE STABLE COPD.
Therapeutic Research 2007;28(6):1183-1189.

Santus P, Centanni S, Morelli N, Di Marco F, Verga M, Cazzola M. TIOTROPIUM IS LESS LIKELY TO INDUCE
OXYGEN DESATURATION IN STABLE COPD PATIENTS COMPARED TO LONG-ACTING BETA2-
AGONISTS. Respir Med 2007;101(8):1798-1803.

Breekveldt-Postma NS, Koerselman J, Erkens JA, Lammers J-WJ, Herings RMC. ENHANCED PERSISTENCE
WITH TIOTROPIUM COMPARED WITH OTHER RESPIRATORY DRUGS IN COPD. Respir Med
2007;101(7):1398-1405.

de Luise C, Lanes SF, Jacobsen J, Pedersen L, Sorensen HT. CARDIOVASCULAR AND RESPIRATORY
HOSPITALIZATIONS AND MORTALITY AMONG USERS OF TIOTROPIUM IN DENMARK. European
Journal of Epidemiology 2007;22(4):267-272.

Fardon T, Haggart K, Lee DKC, Lipworth BJ. A PROOF OF CONCEPT STUDY TO EVALUATE STEPPING
DOWN THE DOSE OF FLUTICASONE IN COMBINATION WITH SALMETEROL AND TIOTROPIUM IN
SEVERE PERSISTENT ASTHMA. Respir Med 2007;101(6):1218-1228.

Cazzola M, Gabriella Matera M. THE ADDITIVE EFFECT OF THEOPHYLLINE ON A COMBINATION OF
FORMOTEROL AND TIOTROPIUM IN STABLE COPD: A PILOT STUDY. Respir Med 2007;101(5):957-962.

Gelb AF, Taylor CF, McClean PA, et al. TIOTROPIUM AND SIMPLIFIED DETECTION OF DYNAMIC
HYPERINFLATION. Chest 2007;131(3):690-695.

Incorvaia C, Galeazzo Riario-Sforza G, Pravettoni C, et al.   EFFECTS OF REPLACING OXITROPIUM WITH
TIOTROPIUM ON PULMONARY FUNCTION IN PATIENTS WITH COPD: A RANDOMIZED STUDY. Respir
Med 2007;101(3):476-480.

Eguchi  Y,   Tateishi  Y,  Umeda  N.   Yoshikawa  T.   Kamoi  H.   Kanazawa  H.   Kudoh  S.   Hirata  K.   Fujimoto  S.
EFFECTS OF TIOTROPIUM OR COMBINED THERAPY WITH SALMETEROL ON HYPERINFLATION IN
COPD.  Osaka City Medical Journal 2007;53(1):25-34.

Um SW, Yoo CG, Kim YW, Han SK, Shim YS.  THE COMBINATION OF TIOTROPIUM AND BUDESONIDE IN
THE TREATMENT OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE. J Korean Med Sci 2007;22(5):839-
845.

Jara M, Lanes SF, Wentworth C, May C, Kesten S. COMPARATIVE SAFETY OF LONG-ACTING INHALED
BRONCHODILATORS: A COHORT STUDY USING THE UK THIN PRIMARY CARE DATABASE. Drug Saf
2007;30(12):1151-1160.

Buehling F, Lieder N, Kuehlmann UC, Waldburg N, Welte T.  TIOTROPIUM SUPPRESSES ACETYLCHOLINE-
INDUCED RELEASE OF CHEMOTACTIC MEDIATORS IN VITRO. Respir Med 2007;101(11):2386-2394.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 6

Brand P, Meyer T, Weuthen T, Timmer W, Berkel E, Wallenstein G, Scheuch G.  LUNG DEPOSITION OF
RADIOLABELED TIOTROPIUM IN HEALTHY SUBJECTS AND PATIENTS WITH CHRONIC OBSTRUCTIVE
PULMONARY DISEASE. J Clin Pharmacol 2007;47(10):1335-1341.

Reddy CB, Kanner RE.  IS COMBINATION THERAPY WITH INHALED ANTICHOLINERGICS AND BETA2-
ADRENOCEPTOR AGONISTS JUSTIFIED FOR CHRONIC OBSTRUCTIVE PULMONARY DISEASE? Drugs
Aging 2007;24(8):615-628.

Pieper MP, Chaudhary NI, Park JE.  ACETYLCHOLINE-INDUCED PROLIFERATION OF FIBROBLASTS AND
MYOFIBROBLASTS IN VITRO IS INHIBITED BY TIOTROPIUM BROMIDE. Life Sci 2007;80(24/25):2270-
2273.

Aaron SD, Vandemheen KL, Fergusson D, et al. TIOTROPIUM IN COMBINATION WITH PLACEBO,
SALMETEROL, OR FLUTICASONE-SALMETEROL FOR TREATMENT OF CHRONIC OBSTRUCTIVE
PULMONARY DISEASE: A RANDOMIZED TRIAL. Ann Intern Med 2007;146(8):545-555.

Salpeter SR. BRONCHODILATORS IN COPD: IMPACT OF BETA-AGONISTS AND ANTICHOLINERGICS ON
SEVERE EXACERBATIONS AND MORTALITY [Review]. Int J Chronic Obstruct Pulm Dis 2007;2(1):11-18.

Anzueto A. DISEASE MODIFICATION IN CHRONIC OBSTRUCTIVE PULMONARY DISEASE [Review]. Clin
Chest Med 2007;28(3):609-616.

Freeman D, Lee A, Price D.  EFFICACY AND SAFETY OF TIOTROPIUM IN COPD PATIENTS IN PRIMARY
CARE - THE SPIRIVA USUAL CARE (SPRUCE) study. Respir Res (Lond) 2007;8(1):45.

Kesten S. Jara M. Wentworth C. Lanes S. Pooled clinical trial analysis of tiotropium safety. Chest 2006;130(6):1695-
703.

Adams SG, Anzueto A, Briggs DD, Menjoge SS, Kesten S. TIOTROPIUM IN COPD PATIENTS NOT
PREVIOUSLY RECEIVING MAINTENANCE RESPIRATORY MEDICATIONS. Respir Med 2006;100(9):1495-
1503.

Verkindre  C,  Bart  F,  Aguilaniu  B,  Fortin  F,  Guerin  JC,  Merre  C  le,  et  al.  THE  EFFECT  OF  TIOTROPIUM  ON
HYPERINFLATION AND EXERCISE CAPACITY IN CHRONIC OBSTRUCTIVE PULMONARY DISEASE.
Respiration 2006;73(4):420-427.

Santus P, Centanni S, Verga M, Marco F di, Matera MG, Cazzola M. COMPARISON OF THE ACUTE EFFECT
OF TIOTROPIUM VERSUS A COMBINATION THERAPY WITH SINGLE INHALER
BUDESONIDE/FORMOTEROL ON THE DEGREE OF RESTING PULMONARY HYPERINFLATION. Respir
Med 2006;100(7):1277-1281.

Richter K, Stenglein S, Muecke M, Sieder C, Schmidtmann S, Harnest U, et al. ONSET AND DURATION OF
ACTION OF FORMOTEROL AND TIOTROPIUM IN PATIENTS WITH MODERATE TO SEVERE COPD.
Respiration 2006;73(4):414-419.

van Noord JA, Aumann JL, Janssens E, Verhaert J, Smeets JJ, Mueller A, Cornelissen PJG. EFFECTS OF
TIOTROPIUM WITH AND WITHOUT FORMOTEROL ON AIRFLOW OBSTRUCTION AND RESTING
HYPERINFLATION IN PATIENTS WITH COPD. Chest 2006;129(3):509-517.

Dusser D, Bravo ML, Iacono P, MISTRAL study group. THE EFFECT OF TIOTROPIUM ON EXACERBATIONS
AND AIRFLOW IN PATIENTS WITH COPD. Eur Respir J 2006;27(3):547-555.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 7

Burns  G.  Bianchi  S.  CHRONIC OBSTRUCTIVE PULMONARY DISEASE: THE EVIDENCE FOR USE OF
TIOTROPIUM. Br J Hosp Med. 2006;67(2):85-91.

Saberi F, O’Donnell DE. THE ROLE OF TIOTROPIUM BROMIDE, A LONG-ACTING ANTICHOLINERGIC
BRONCHODILATOR, IN THE MANAGEMENT OF COPD. Treatments in Respir Med2005;4(4):275-281.

Vincken W. BRONCHODILATOR TREATMENT OF STABLE COPD: LONG-ACTING ANTICHOLINERGICS.
Eur Resp Rev 2005;14(94):23-31.

Covelli H.  Bhattacharya S.  Cassino C.  Conoscenti C.  Kesten S. ABSENCE OF ELECTROCARDIOGRAPHIC
FINDINGS AND IMPROVED FUNCTION WITH ONCE-DAILY TIOTROPIUM IN PATIENTS WITH CHRONIC
OBSTRUCTIVE PULMONARY DISEASE. Pharmacotherapy 2005;25(12):1708-1718.

Briggs DD, Jr, Covelli H, Lapidus R, Bhattycharya S, Kesten S, Cassino C.  IMPROVED DAYTIME
SPIROMETRIC EFFICACY OF TIOTROPIUM COMPARED WITH SALMETEROL IN PATIENTS WITH COPD.
Pulm Pharmacol Ther 2005;18:397-404.

Maltais F, Hamilton A, Marciniuk D, Hernandez P, Sciurba F, Richter K, Kesten S, O’Donnell Denis.
IMPROVEMENTS IN SYMPTOM-LIMITED EXERCISE TOLERANCE OVER EIGHT HOURS WITH ONCE
DAILY TIOTROPIUM IN PATIENTS WITH COPD. Chest 2005;128:1168-1178.

Kim SJ, Kim MS, Lee SH, Kim YK, Moon HS, Park SH, et al. A COMPARISON OF TIOTROPIUM 18MCG,
ONCE DAILY AND IPRATROPIUM 40MCG, 4 TIMES DAILY IN A DOUBLE-BLIND, DOUBLE-DUMMY,
EFFICACY AND SAFETY STUDY IN ADULTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE.
Tuberculosis & Respiratory Diseases 2005;58(5):498-506.

Niewoehner  DE,  Rice  K,  Cote  C,  Paulson  D,  Cooper  AD,  Korducki  L,  Cassino  C,  Kesten  S.  PREVENTION  OF
EXACERBATIONS OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE WITH TIOTROPIUM, A ONCE-
DAILY INHALED ANTICHOLINERGIC BRONCHODILATOR. Ann Intern  Med 2005;143(5):317-326.

van  Noord  JA,   Aumann  JL,   Janssens  E,   Smeets  JJ,   Verhaert  J,   Disse  B,   Mueller  A,   Cornelissen  PJG.
COMPARISON OF TIOTROPIUM ONCE DAILY, FORMOTEROL TWICE DAILY AND BOTH COMBINED
ONCE DAILY IN PATIENTS WITH COPD. Eur Respir J 2005;26(2):214-222.

Olin JL. TIOTROPIUM: AN INHALED ANTICHOLINERGIC FOR CHRONIC OBSTRUCTIVE PULMONARY
DISEASE. American Journal of Health-System Pharmacy 2005;62(12):1263-1269.

Somand H, Remington TL. TIOTROPIUM: A BRONCHODILATOR FOR CHRONIC OBSTRUCTIVE
PULMONARY DISEASE. Ann Pharmacother 2005;39(9):1467-1475. Available at URL: http://www.theannals.com.

Barr RG. Bourbeau J. Camargo CA. Ram FS. INHALED TIOTROPIUM FOR STABLE CHRONIC OBSTRUCTIVE
PULMONARY DISEASE. [Meta-Analysis, Review] Cochrane Database of Systematic Reviews 2005;(2):CD002876.

Cazzola M. Noschese P. Salzillo A. De Giglio C. D'Amato G. Matera MG. BRONCHODILATOR RESPONSE TO
FORMOTEROL AFTER REGULAR TIOTROPIUM OR TO TIOTROPIUM AFTER REGULAR FORMOTEROL
IN COPD PATIENTS. Respir Med 2005;99(5):524-528.

Koumis T. Samuel S. TIOTROPIUM BROMIDE: A NEW LONG-ACTING BRONCHODILATOR FOR THE
TREATMENT OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE. Clinical Therapeutics 2005;27(4):377-
392.

http://www.theannals.com./


BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 8

Gosens R. Bos IST. Zaagsma J. Meurs H. PROTECTIVE EFFECTS OF TIOTROPIUM BROMIDE IN THE
PROGRESSION OF AIRWAY SMOOTH MUSCLE REMODELING. Am J Respir Crit Care Med
2005;171(10):1096-1102.

Anzueto A, Tashkin D, Menjoge S, Kesten S. ONE-YEAR ANALYSIS OF LONGITUDINAL CHANGES IN
SPIROMETRY IN PATIENTS WITH COPD RECEIVING TIOTROPIUM. Pulm Pharmacol Ther 2005;18:75-81.

Campos, Michael A. MD; Wanner, Adam MD. THE RATIONALE FOR PHARMACOLOGIC THERAPY IN
STABLE CHRONIC OBSTRUCTIVE PULMONARY DISEASE. Am J Med Sci 2005;329(4):181-189.

Casaburi R. Kukafka D. Cooper CB. Witek TJ Jr. Kesten S. IMPROVEMENT IN EXERCISE TOLERANCE WITH
THE COMBINATION OF TIOTROPIUM AND PULMONARY REHABILITATION IN PATIENTS WITH COPD.
Chest. 2005;127(3):809-17.

Cooper CB, Tashkin DP. RECENT ADVANCES IN INHALED THERAPY IN STABLE CHRONIC
OBSTRUCTIVE PULMONARY DISEASE. British Medical Journal 2005;330:7492-7640.

Tashkin DP. IS A LONG-ACTING INHALED BRONCHODILATOR THE FIRST AGENT TO USE IN STABLE
CHRONIC OBSTRUCTIVE PULMONARY DISEASE? Current Opinion in Pulmonary Medicine 2005;11(2):121-8.

Casaburi R. Conoscenti CS. LUNG FUNCTION IMPROVEMENTS WITH ONCE-DAILY TIOTROPIUM IN
CHRONIC OBSTRUCTIVE PULMONARY DISEASE. [Review] American Journal of Medicine. 2004;117 Suppl
12A:33S-40S.

Aaron SD. Vandemheen K. Fergusson D, et al. THE CANADIAN OPTIMAL THERAPY OF COPD TRIAL:
DESIGN, ORGANIZATION AND PATIENT RECRUITMENT. Canadian Respiratory Journal 2004;11(8):581-5.

Cazzola M. Centanni S. Santus P. Verga M. Mondoni M. di Marco F. Matera MG. THE FUNCTIONAL IMPACT
OF ADDING SALMETEROL AND TIOTROPIUM IN PATIENTS WITH STABLE COPD. Respir
Med2004;98(12):1214-21.

Gross NJ. TIOTROPIUM BROMIDE. [Review] Chest. 2004;126(6):1946-53.

Decramer M, Celli B, Tashkin DP, et al. CLINICAL TRIAL DESIGN SONSIDERATIONS IN ASSESSING LONG-
TERM FUNCTIONAL IMPACT OF TIOTROPIUM IN COPD: THE UPLIFT TRIAL. COPD J Chronic Obstruct
Pulm Dis 2004;1(2):303-312.

Morganroth J, Golisch W, Kesten S. ELECTROCARDIOGRAPHIC MONITORING IN COPD PATIENTS
RECEIVING TIOTROPIUM. COPD 2004;1:181-190.

Oostenbrink JB, Rutten-van Mölken MPMH. RESOURCE USE AND RISK FACTORS IN HIGH COST
EXACERBATIONS OF COPD. Respir Med 2004;98:883-891.

Rennard SI. TREATMENT OF STABLE CHRONIC OBSTRUCTIVE PULMONARY DISEASE. Lancet.
2004;364(9436):791-802.

ZuWallack AR, ZuWallack RL. TIOTROPIUM BROMIDE, A NEW, ONCE-DAILY INHALED
ANTICHOLINERGIC BRONCHODILATOR FOR CHRONIC-OBSTRUCTIVE PULMONARY DISEASE. Expert
Opinion on Pharmacotherapy 2004;5(8):1827-1835.

Levinzon M, Chagan L. TIOTROPIUM BROMIDE FOR THE MAINTENANCE OF CHRONIC OBSTRUCTIVE
PULMONARY DISEASE. P & T 2004;29(8):490-494.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 9

Yohannes AM, Connolly MJ. CURRENT INITIATIVES IN THE MANAGEMENT OF PATIENTS WITH
CHRONIC OBSTRUCTIVE PULMONARY DISEASE: THE NICE GUIDELINES AND THE RECENT
EVIDENCE BASE. Age & Ageing 2004;33(4):419-421.

Mahler DA. IMPACTING LIFESTYLE: REAL WORLD BENEFITS OF TIOTROPIUM IN COPD. European
Respiratory Review 2004;13(89):45-49.

Jeffery SM. TIOTROPIUM: A NOVEL ANTICHOLINERGIC FOR THE ONCE-DAILY TREATMENT OF COPD.
Formulary 2004;39(4):203-212.

Keam SJ, Keating GM. TIOTROPIUM BROMIDE: A REVIEW OF ITS USE AS MAINTENANCE THERAPY IN
PATIENTS WITH COPD. Treatments in Respir Med 2004;3(4):247-268.

Friedman M, Menjoge SS, Anton SF, Kesten S. HEALTHCARE COSTS WITH TIOTROPIUM PLUS USUAL
CARE COMPARED TO USUAL CARE ALONE FOLLOWING 1 YEAR OF TREATMENT IN PATIENTS WITH
CHRONIC OBSTRUCTIVE PULMONARY DISORDER (COPD). Pharmacoeconomics 2004;22(11):741-749.

Hasani A, Toms N, Agnew JE, Sarno M, Harrison AJ, Dilworth P. THE EFFECT OF INHALED TIOTROPIUM
BROMIDE ON LUNG MUCOCILIARY CLEARANCE IN PATIENTS WITH COPD. Chest 2004;125:1726-1734.

O’Donnell DE, Flüge T, Gerken, F, et al. EFFECTS OF TIOTROPIUM ON LUNG HYPERINFLATION,
DYSPNOEA, AND EXERCISE TOLERANCE IN COPD. Eur Respir J  2004;23(6):832-840.

McNicholas WT, Calverly PMA, Lee A, Edwards JC, on behalf of the Tiotropium Sleep Study in COPD
investigators. LONG-ACTING INHALED ANTICHOLINERGIC THERAPY IMPROVES SLEEPING OXYGEN
SATURATION IN COPD. Eur Respir J  2004;23(6) :825-831.

Oostenbrink  JB,  Rutten-van  Mölken  MPMH,  Al  MJ,  van  Noord  JA,  Vincken  W.  ONE-YEAR  COST
EFFECTIVENESS OF TIOTROPIUM VERSUS IPRATROPIUM TO TREAT CHRONIC OBSTRUCTIVE
PULMONARY DISEASE. Eur Respir J  2004;23:241-249.

Cazzola M, Marco FD, Santus P, et al. THE PHARMACODYNAMIC EFFECTS OF SINGLE INHALED DOSES
OF FORMOTEROL, TIOTROPIUM AND THEIR COMBINATION IN PATIENTS WITH COPD. Pulmonary
Pharmacology & Therapeutics 2004;17(1):35-39.

Turck  D,   Weber  W,   Sigmund  R,   et  al. PHARMACOKINETICS OF INTRAVENOUS, SINGLE-DOSE
TIOTROPIUM IN SUBJECTS WITH  DIFFERENT DEGREES OF RENAL IMPAIRMENT. Journal of Clinical
Pharmacology 2004;44(2):163-172.

Tashkin DP.  Cooper CB.   THE ROLE OF LONG-ACTING BRONCHODILATORS IN THE MANAGEMENT OF
STABLE COPD [Review]. Chest 2004;125(1):249-259.

Joos GF, Brusselle G, Derom E, Pauwels R. TIOTROPIUM BROMIDE: A LONG-ACTING ANTICHOLINERGIC
BRONCHODILATOR FOR THE TREATMENT OF PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY
DISEASE. [Review] International Journal of Clinical Practice 2004;57(10):906-909.

Celli B, ZuWallack R, Wang S, Kesten S.  IMPROVEMENT IN RESTING INSPIRATORY CAPACITY AND
HYPERINFLATION WITH TIOTROPIUM IN COPD PATIENTS WITH INCREASED STATIC LUNG
VOLUMES. Chest 2003;124(5):1743-1748.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 10

Dahl R, Backer V, Ollgaard B, et al. ASSESSMENT OF PATIENT PERFORMANCE OF THE HANDIHALER
COMPARED WITH THE METERED DOSE INHALER FOUR WEEKS AFTER INSTRUCTION. Respir Med
2003;97(10):1126-1133.

Calverly PMA, Lee A, Towse L, et al. EFFECT OF TIOTROPIUM BROMIDE ON CIRCADIAN VARIATION IN
AIRFLOW LIMITATION IN CHRONIC OBSTRUCTIVE PULMONARY DISEASE. Thorax 2003;58:855-860.

Yohannes AM, Hardy CC. TREATMENT OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE IN OLDER
PATIENTS – A PRACTICAL GUIDE. Drugs & Aging 2003;20(3):209-228.

Brusasco  V,  Hodder  R,  Miravitles  M,  et  al.  HEALTH  OUTCOMES  FOLLOWING  TREATMENT  FOR  SIX
MONTHS WITH ONCE DAILY TIOTROPIUM COMPARED WITH TWICE DAILY SALMETEROL IN
PATIENTS WITH COPD. Thorax 2003;58:399-404.

Tashkin D, Kesten S.  LONG-TERM TREATMENT BENEFITS WITH TIOTROPIUM IN COPD PATIENTS
WITH AND WITHOUT SHORT-TERM BRONCHODILATOR RESPONSES. Chest 2003;123:1441-1449.

Panning CA, DeBisschop M.   TIOTROPIUM: AN INHALED, LONG-ACTING ANTICHOLINERGIC DRUG FOR
CHRONIC OBSTRUCTIVE PULMONARY DISEASE. Pharmacotherapy 2003;23(2):183-189.

Hansel TT, Barnes PJ.  TIOTROPIUM BROMIDE: A NOVEL ONCE-DAILY ANTICHOLINERGIC
BRONCHODILATOR FOR THE TREATMENT OF COPD. Drugs of Today 2002;38:585-600.

Shukla VK.  TIOTROPIUM: A POTENTIAL REPLACEMENT FOR IPRATROPIUM IN PATIENTS WITH COPD.
Issues in Emerging Health Technology 2002;35:1-4.

Donohue JF, van Noord JA, Bateman ED et al.  A 6-MONTH, PLACEBO-CONTROLLED STUDY COMPARING
LUNG FUNCTION AND HEALTH STATUS CHANGES IN COPD PATIENTS TREATED WITH TIOTROPIUM
OR SALMETEROL. Chest 2002;122:47-55.

Hvizdos KM, Goa KL.  TIOTROPIUM BROMIDE. Drugs 2002;62:1195-1203.

van Noord JA, Smeets JJ, Custers FLJ, Korducki L, Cornelissen PJG.  PHARMACODYNAMIC STEADY STATE
OF TIOTROPIUM IN PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE. Eur Respir J
2002;19:639-644.

Vincken W, van Noord JA, Greefhorst APM, Bantje TA, Kesten S, Korducki L, Cornelissen PJG.  IMPROVED
HEALTH OUTCOMES IN PATIENTS WITH COPD DURING 1 YR’S TREATMENT WITH TIOTROPIUM. Eur
Respir J 2002;19:209-216.

Casaburi R, Mahler DA, Jones PW et al.  A LONG-TERM EVALUATION OF ONCE-DAILY INHALED
TIOTROPIUM IN CHRONIC OBSTRUCTIVE PULMONARY DIESEASE. Eur Respir J 2002;19:217-224.

Chodosh S, Flanders JS, Kesten S. et. al.  EFFECTIVE DELIVERY OF PARTICLES WITH THE HANDIHALER
DRY POWDER INHALATION SYSTEM OVER A RANGE OF COPD DISEASE SEVERITY. J of Aerosol Med
2001;14(3):309-315.

Witek TJ, Disse B.  INHALED ANTICHOLINERGIC THERAPY: APPLIED PHARMACOLOGY AND
INTERESTING DEVELOPMENTS. Curr Opin Invest Drugs 2001;2(1):53-58.

Disse B, Witek TJ. ANTICHOLINERGICS: TIOTROPIUM. Prog Respir Res 2001;31:72-76.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 11

Barnes PJ. TIOTROPIUM BROMIDE. Expert Opin Invest Drugs 2001;10:733-740.

Leusch A, Eichhorn B, Muller G, Rominger KL.  PHARMACOKINETICS AND TISSUE DISTRIBUTION OF THE
ANTICHOLINERGICS TIOTROPIUM AND IPRATROPIUM IN THE RAT AND DOG. Biopharm Drug Disp
2001;22:199-212.

Disse B.  ANTIMUSCARINIC TREATMENT FOR LUNG DISEASES FROM RESEARCH TO CLINICAL
PRACTICE. Life Sci 2001;68:2557-2564.

Casaburi R, Briggs, Jr DD, Donohue JF, Serby CW, Menjoge SS, Witek TJ, Jr. for the US tiotropium study group.
THE SPIROMETRIC EFFICACY OF ONCE DAILY DOSING WITH TIOTROPIUM IN STABLE COPD: A 13-
WEEK MULTI-CENTER TRIAL. Chest 2000; 118:1294-1302.

Littner MR, Ilowite JS, Tashkin DP, Friedman M, Serby CW, Menjoge SS, Witek TJ, Jr. LONG-ACTING
BRONCHODILATION WITH ONCE DAILY DOSING OF TIOTROPIUM (SPIRIVA TM) IN STABLE COPD. Am J
Respir Crit Care Med 2000; 161:1136-1142.

Calverley PM.  THE FUTURE FOR TIOTROPIUM. Chest 2000;117:67S-69S.

van Noord JA, Bantje ThA, Eland ME, Korducki L, Cornelissen PJG. A RANDOMISED CONTROLLED
COMPARISON OF TIOTROPIUM AND IPRATROPIUM IN THE TREATMENT OF COPD. Thorax 2000; 55:
289-294.

Norman P, Graul A, Rabasseda X, Castaner J. TIOTROPIUM BROMIDE, BA-679-BR, SPIRIVA: TREATMENT
OF COPD, BRONCHODILATOR, MUSCARINIC ANTAGONIST. Drugs Future 2000;25:693-699.

Barnes PJ. THE PHARMACOLOGICAL PROPERTIES OF TIOTROPIUM. Chest 2000;117;63S-66S.

Disse B, Speck GA, Rominger KL, Witek TJ, Jr., Hammer R.  TIOTROPIUM (SPIRIVA): MECHANISTICAL
CONSIDERATIONS AND CLINICAL PROFILE IN OBSTRUCTIVE LUNG DISEASE. Life Sci 1999;64:457-464.

Witek TJ, Souhrada JF, Serby CW, Disse B. TIOTROPIUM (BA 679): PHARMACOLOGY AND EARLY
CLINICAL OBSERVATIONS. ANTICHOLINERGIC AGENTS IN THE UPPER AND LOWER AIRWAYS.
Spector SS (ed.), New York, Marcel Dekker, Inc., 1999, 137-152.

Witek TJ.  ANTICHOLINERGIC BRONCODILATORS. Respir Care Clin North Am 1999;5:521-536.

Barnes PJ.  NOVEL APPROACHES AND TARGETS FOR TREATMENT OF CHRONIC OBSTRUCTIVE
PULMONARY DISEASE. Am J Respir Crit Care Med 1999;160:72S-79S.

O'Connor BJ, Towse LJ, Barnes PJ. PROLONGED EFFECT OF TIOTROPIUM BROMIDE ON
METHACHOLINE-INDUCED BRONCHOCONSTRICTION IN ASTHMA. Am J Respir Crit Care Med
1996;154:876-880.

Maesen FPV, Smeets JJ, Sledsens TJH, Wald FDM, Cornelissen PJG. TIOTROPIUM BROMIDE, A NEW
LONG-ACTING ANTIMUSCARINIC BRONCHODILATOR: A PHARMACODYNAMIC STUDY IN PATIENTS
WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD). Eur Respir J 1995; 8:1506-1513.

Barnes  PJ,  Belvisi  MG,  Mak  JCW,  Haddad  E,  O'Connor  B.  TIOTROPIUM  BROMIDE  (BA  679  BR),  A  NOVEL
LONG-ACTING MUSCARINIC ANTAGONIST FOR THE TREATMENT OF OBSTRUCTIVE AIRWAYS
DISEASE. Life Sci 1995; 56:853-859.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 12

Takahaski T, Belvisi MG, Patel H, Ward JK, Tadjkarimi S, Yocub MH, Barnes PJ.  EFFECT OF BA679 BR. A
NOVEL LONG-ACTING ANTICHOLINERGIC AGENT, ON CHOLINERGIC NEUROTRANSMISSION IN
GUINEA PIG AND HUMAN AIRWAYS. Am J Respir Crit Care Med 1994; 150:1640-1645.

Haddad E, Mak JCW, Barnes PJ.  CHARACTERIZATION OF [3H] BA 679. A SLOW-DISSOCIATING
MUSCARINIC RECEPTOR ANTAGONIST IN HUMAN LUNG: RADIOLIGAND BINDING AND
AUTORADIOGRAPHIC MAPPING. Mol Pharmacol 1994; 45:899-907.

Maesen FPV, Smeets JJ, Costongs MAL, Wald FDM, Cornelissen PJG. BA 679 BR, A NEW LONG-ACTING
ANTIMUSCARINIC BRONCHODILATOR: A PILOT DOSE-ESCALATION STUDY. Eur Respir J 1993;
6:1031-1036.

Disse  B,  Reichl  R,  Speck  G,  Traunecker  W,  Rominger  KL,  Hammer  R.  BA679  BR,  A  NOVEL
ANTICHOLINERGIC BRONCHODILATOR: PREDICTED AND CLINICAL ASPECTS. Life Sci 1993;
52:537-544.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 13

Abstracts

Glaab T, Rau-Berger H, Wolf K, Freytag F. TIOTROPIUM IMPROVES QUALITY OF LIFE AND PHYSICAL
FUNCTION IN COPD. Paper presented at: 104th International Conference of the American Thoracic Society (ATS);
May 16 - 21 2008; Toronto, Canada. Am J Respir Crit Care Med. 2008; 177:A646.

Griffin J,  Lee S, Caiado M, Williams T, Kesten S, Price D.  COMPARATIVE ASSESSMENT OF CONTINUOUS
TREATMENT FOR DIAGNOSED COPD WITH TIOTROPIUM BROMIDE (TIOTROPIUM), COMBINED
IPRATROPIUM AND SALBUTAMOL (COMBIVENT): A 12-MONTH FOLLOW-UP STUDY IN THE GENERAL
PRACTICE RESEARCH DATABASE (GPRD).  Winter Meeting 2007 of the British Thoracic Society; December 5
– 7, 2007; London. Thorax. 2007; 62 (S3):A146-A147.

Dueck K, Vacca G, Dueck R, Pieper M, Gillissen A.  ANTIINFLAMMATORY PROPERTIES OF TIOTROPIUM
BROMIDE: REDUCTION OF MACROPHAGE INDUCED CHEMOTAXIS IN VITRO. Autumn Meeting of the
Section of Cell Biology of the German Respiratory Society; October 12 – 13, 2007; Munich. Pneumologie. 2007;
61(12):808.

Tashkin D, Varghese S. THE THERAPEUTIC EFFECT OF TREATMENT WITH FORMOTEROL PLUS
TIOTROPIUM WAS GREATER THAN THE EFFECT OF TREATMENT WITH TIOTROPIUM ALONE IN
COPD: FINDINGS FROM A 12-WEEK, MULTICENTER, DOUBLE-BLIND, PLACEBO-CONTROLLED TRIAL.
Chest; October 20 – 25, 2007; Chicago. Chest. 2007; 132(4):529S.

Sayal P, Adhikari T, Vijayan VK. THE EFFECTS OF INHALED TIOTROPIUM BROMIDE ON LUNG
INFLAMMATION IN BRONCHIAL ASTHMA. Chest; October 20 – 25, 2007; Chicago. Chest. 2007; 132(4):509S.

Iwanaga T, Naito E, Ichihashi H, et.al. THE EFFECT OF TIOTROPIUM IN COPD COMPLICATED WITH
ASTHMA. 17th Annual Congress of the European Respiratory Society (ERS); September 15 – 19, 2007; Stockholm,
610S.

Berdnikova N, Savelyeva M, Tsoy A.  INFLUENCE OF TIOTROPIUM BROMIDE ON QUANTITY OF
EXACERBATIONS AND SURVIVAL RATE OF COPD PATIENTS. 17th Annual Congress of the European
Respiratory Society (ERS); September 15 – 19, 2007; Stockholm, 75S.

Santus P, D'Adda A, Pizzolato S, Marco F di, Centanni S, Cazzola M. INFLUENCE OF HIGHER THAN
CONVENTIONAL DOSES OF SALBUTAMOL OR IPRATROPIUM BROMIDE ON BRONCHODILATION
INDUCED BY A REGULAR TREATMENT WITH TIOTROPIUM IN PATIENTS SUFFERING FROM STABLE
COPD. 17th Annual Congress of the European Respiratory Society (ERS); September 15 – 19, 2007; Stockholm,
356S-357S.

Meshcheriakova N, Belevskiy A, Cherniak A. THE ROLE OF TIOTROPIUM BROMIDE IN PHYSICAL
TRAINING FOR PATIENTS WITH COPD. 17th Annual Congress of the European Respiratory Society (ERS);
September 15 – 19, 2007; Stockholm, 516S.

Brusasco V, Hodder R, Briggs D, Leimer I, Kesten S. COPD PATIENTS CONTINUING SALMETEROL OR
SWITCHED TO TIOTROPIUM: A RETROSPECTIVE ANALYSIS OF CLINICAL TRIAL DATA. 17th Annual
Congress of the European Respiratory Society (ERS); September 15 – 19, 2007; Stockholm, 612S.

Dicpinigaitis P, Spinner L, Santhyadka G.  EFFECT OF TIOTROPIUM ON COUGH REFLEX SENSITIVITY IN
ACUTE VIRAL COUGH. 17th Annual Congress of the European Respiratory Society (ERS); September 15 – 19,
2007; Stockholm, 544S.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 14

Hisada T, Ishizuka T, Aoki H, et al. Additive BENEFITS OF TIOTROPIUM IN ASTHMATICS AND IN
PATIENTS WITH ASTHMA COMPLICATED CHRONIC OBSTRUCTIVE PULMONARY DISEASE. 17th
Annual Congress of the European Respiratory Society (ERS); September 15 – 19, 2007; Stockholm, 546S.

Dusser D, Niewoehner D, Anzueto A, Leimer I, Furtwaengler A.  SEASONAL PATTERN OF EXACERBATION
RATES IN THE TIOTROPIUM CLINICAL TRIAL DATABASE. 17th Annual Congress of the European
Respiratory Society (ERS); September 15 – 19, 2007; Stockholm, 609S-610S.

Celli B, Decramer M, Tashkin D, Cassino C, Burkhart D, Kesten S. FREQUENCY OF ACUTE FLOW AND
VOLUME RESPONSES TO BRONCHODILATOR ADMINISTRATION IN PATIENTS WITH COPD. 17th
Annual Congress of the European Respiratory Society (ERS); September 15 – 19, 2007; Stockholm, 525S.

Gurzhiy O, Pertseva T, Lykholat O. EVALUATION OF MUCOCILIARY CLEARANCE'S (MCC) CONDITION IN
PATIENTS WITH COPD. INFLUENCE OF TIOTROPIUM BROMIDE (TB) ON MCC. 17th Annual Congress of
the European Respiratory Society (ERS); September 15 – 19, 2007; Stockholm, 73S.

Lee CY, Chang YS, Kim HJ, Ahn CM.  COMPARISON OF EMPHYSEMA IN PATIENTS WITH COPD BEFORE
AND AFTER TREATMENT OF TIOTROPIUM BY QUANTITATIVE ASSESSMENT BY HRCT. 17th Annual
Congress of the European Respiratory Society (ERS); September 15 – 19, 2007; Stockholm, 619S.

Blanc PD, Eisner MD, Yelin EH, Earnest G, Balmes JR, Katz PP.  TIOTROPIUM USE IN COPD: ASSOCIATION
WITH CLINICAL DIAGNOSIS ASSIGNMENT. 17th Annual Congress of the European Respiratory Society (ERS);
September 15 – 19, 2007; Stockholm, 631S.

Profita M, Siena L, Bonanno A, et al. AIRWAY INFLAMMATION INDUCES THE EXPRESSION OF CHOLINE
ACETYLTRANSFERASE AND MUSCARINIC RECEPTORS PROMOTING THE FIBROBLAST
PROLIFERATION IN COPD SUBJECTS. 17th Annual Congress of the European Respiratory Society (ERS);
September 15 – 19, 2007; Stockholm, 692S.

Brims F, Fehrenbach C, Chauhan A. TIOTROPIUM IN SEVERE ASTHMA: AN OPEN LABEL REVIEW OF
CLINICAL EFFICACY. 17th Annual Congress of the European Respiratory Society (ERS); September 15 – 19,
2007; Stockholm, 616S.

Zaagsma J. ACETYLCHOLINE, MUSCARINIC RECEPTORS AND AIRWAY REMODELING NOVEL
PERSPECTIVES FOR TIOTROPIUM BROMIDE. 2nd Scandinavian COPD Research Symposium; November 16 –
17, 2006; Oslo. Respir Med: COPD Update 2007; 3(4):122.

Rempe S, Robbins RA, Hoyt JC, Kurai M, Koyama S, Hayden JM. TIOTROPIUM INHIBITS NEUTROPHIL
CHEMOTAXIS. International Conference of the American Thoracic Society (ATS); May 18 – 23, 2007; San
Francisco, (Poster). Am J Respir Crit Care Med 2007; 175:A493.

Niewoehner DE, Rice K, Cassino C, Leimer I, Kesten S.  REDUCTIONS IN COPD EXACERBATIONS WITH
TIOTROPIUM IN AFRICAN AMERICANS IN THE VA MEDICAL SYSTEM. International Conference of the
American Thoracic Society (ATS); May 18 – 23, 2007; San Francisco. Am J Respir Crit Care Med 2007; 175:A135.

O'Donnell DE, Webb K, Hamilton A, Leimer I, Kesten S.  IMPROVEMENTS IN HYPERINFLATION AND
EXERCISE TOLERANCE WITH TIOTROPIUM IN COPD PATIENTS TREATED WITH AND WITHOUT
INHALED STEROIDS. International Conference of the American Thoracic Society (ATS); May 18 – 23, 2007; San
Francisco. Am J Respir Crit Care Med 2007; 175:A811.

Choi JS, Seo KH, Na JO, Kim YH. THE EFFECT OF TIOTROPIUM AND INHALED CORTICOSTEROID
COMBINATION THERAPY IN CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD) AND CHRONIC



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 15

OBSTRUCTIVE BRONCHIAL ASTHMA (COBA) ASSOCIATED WITH IRREVERSIBLE PULMONARY
FUNCTION.  International Conference of the American Thoracic Society (ATS); May 18 – 23, 2007; San Francisco.
Am J Respir Crit Care Med 2007; 175:A130.

Nishikawa K, Sato R, Yamaguchi H, Kanazawa M, Kugiyama K.  THE EFFECTS OF SUSTAINED RELEASE OF
THEOPHYLLINE (UNIPHYL) ON THE EFFICACY OF TIOTROPIUM BROMIDE IN PATIENTS WITH COPD.
International Conference of the American Thoracic Society (ATS); May 18 – 23, 2007; San Francisco. Am J Respir
Crit Care Med 2007; 75:A129.

Kesten S, Menjoge S, Leimer I. POOLED CLINICAL TRIAL ANALYSIS OF THE SAFETY OF TIOTROPIUM
ACCORDING TO CONCOMITANT USE OF INHALED STEROIDS. International Conference of the American
Thoracic Society (ATS); May 18 – 23, 2007; San Francisco. Am J Respir Crit Care Med 2007; 175:A495.

Halpin DMG, Leimer I, Groenke L.  POOLED ANALYSIS OF TIOTROPIUM EFFICACY IN PATIENTS NOT
RECEIVING MAINTENANCE THERAPY FOR COPD. International Conference of the American Thoracic Society
(ATS); May 18 – 23, 2007; San Francisco. Am J Respir Crit Care Med 2007; 175:A128.

Hara K, Kurashima K, Tokunaga D, et al. SINGLE BLIND COMPARISON OF TIOTROPIUM AND
SALMETEROL PLUS FLUTICASONE PROPIONATE OF TREATMENT IN PATIENTS WITH CHRONIC
OBSTRUCTIVE PULMONARY DISEASE (COPD). International Conference of the American Thoracic Society
(ATS); May 18 – 23, 2007; San Francisco. Am J Respir Crit Care Med 2007; 175:A127.

Yamaguchi Y, Teramoto S, Yamamoto H, Hanaoka Y, Ishii M, Ouchi Y.  DECREASED RESIDUAL VOLUME BY
TIOTROPIUM BROMIDE INHALATION AUGMENTS DIAPHRAGMATIC FUNCTION AND IMPROVES
DYSPNEA DURING EXERCISE IN PATIENTS WITH COPD. International Conference of the American Thoracic
Society (ATS); May 18 – 23, 2007; San Francisco. Am J Respir Crit Care Med 2007; 175:A132.

Miyashita T, Oya H, Sato N, et al. THE SHORT TERM EFFECT OF TIOTROPIUM ON RESPIRATORY
FUNCTION AND QUALITY OF LIFE (QOL) IN PATIENTS AT RISK AND WITH MILD CHRONIC
OBSTRUCTIVE PULMONARY DISEASE (COPD). International Conference of the American Thoracic Society
(ATS); May 18 – 23, 2007; San Francisco. Am J Respir Crit Care Med 2007; 175:A129.

Kang YI, Choi HS, Choi CW, You JH, Kang HM, Park MJ. THE EFFECT OF TIOTROPIUM IN ADULTS WITH
CHRONIC OBSTRUCTIVE PULMONARY DISEASE. International Conference of the American Thoracic Society
(ATS); May 18 – 23, 2007; San Francisco. Am J Respir Crit Care Med 2007; 175:A129.

Suzuki N. LONG-TERM EFFECT OF ADDITIONAL TIOTROPIUM BROMIDE ON PULMONARY FUNCTION
IN PATIENTS WITH SEVERE CHRONIC ASTHMA. International Conference of the American Thoracic Society
(ATS); May 18 – 23, 2007; San Francisco. Am J Respir Crit Care Med 2007; 175:A58.

Platz J, Mueller A, Koenen-Bergmann M, Cornelissen P. LACK OF GENDER DIFFERENCES IN SYSTEMIC
EXPOSURE TO TIOTROPIUM. International Conference of the American Thoracic Society (ATS); San Francisco.
May 18 – 23, 2007; Am J Respir Crit Care Med 2007; 175:A546.

Kato M, Koshimo Y, Yonemoto C, et al. ANTI-CHOLINERGICS TIOTROPIUM SHOWS FEW MICTURITION
DISTURBANCE. International Conference of the American Thoracic Society (ATS); May 18 – 23, 2007; San
Francisco. Am J Respir Crit Care Med 2007; 175:A130.

Takuwa T, Matsumoto S, Okumura Y, Tanaka F, Hasegawa S.  EFFICACY OF PRE- AND POSTOPERATIVE
TIOTROPIUM INHALATION IN COPD PATIENTS UNDERGOING LOBECTOMY. International Conference of
the American Thoracic Society (ATS); May 18 – 23, 2007; San Francisco. Am J Respir Crit Care Med 2007;
175:A132.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 16

Ohta S, Minoguchi K, Oda N, et al. EFFECTS OF TIOTROPIUM BROMIDE ON ALLERGEN INDUCED
AIRWAY REMODELING IN MURINE MODEL OF CHRONIC ASTHMA. International Conference of the
American Thoracic Society (ATS); May 18 – 23, 2007; San Francisco. Am J Respir Crit Care Med 2007; 175:A464.

Nagara N, Kondo M, Izumo T, Aoshiba K, Tamaoki J, Nagai A. TIOTROPIUM INHIBITS NEUTROPHIL
ELASTASE-INDUCED GOBLET CELL METAPLASIA IN MICE. International Conference of the American
Thoracic Society (ATS); May 18 – 23, 2007; San Francisco. Am J Respir Crit Care Med 2007; 175:A750.

Ogale SS, Lee TA, Au DH, Boudreau DM, Sullivan SD. CARDIOVASCULAR OUTCOMES ASSOCIATED WITH
ANTICHOLINERGIC MEDICATIONS. International Conference of the American Thoracic Society (ATS); May 18
– 23, 2007; San Francisco. Am J Respir Crit Care Med 2007; 175:A516.

Sposato B, Calabrese A, Barzan R. PROTECTIVE EFFECT OF INHALED ANTICHOLINERGIC DRUGS IN THE
METHACHOLINE TEST. 17th Annual Congress of the European Respiratory Society (ERS); September 15 – 19,
2007; Stockholm, 619S.

Vogelmeier CF, Harari SA, Fonay K, Beier J, et al. FORMOTEROL AND TIOTROPIUM BOTH IMPROVE LUNG
FUNCTION IN STABLE COPD PATIENTS, WITH SOME ADDITIONAL BENEFIT WHEN GIVEN
TOGETHER.  16th Ann Cong of the European Respiratory Society (ERS), Munich, 2 - 6 Sep 2006, 429S.

Arievich H, Potena A, Fonay K, Vogelmeier CF, et al.  FORMOTEROL GIVEN EITHER ALONE OR TOGETHER
WITH TIOTROPIUM REDUCES THE RATE OF EXACERBATIONS IN STABLE COPD PATIENTS. 16th Ann
Cong of the European Respiratory Society (ERS), Munich, 2 - 6 Sep 2006, 430S.

Rutten-van Molken MPMH, Oostenbrink JB, Miravitlles M, Monz B. MODELING THE 5-YEAR COST-
EFFECTIVENESS OF TIOTROPIUM, SALMETEROL AND IPRATROPIUM FOR THE TREATMENT OF
CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD) IN SPAIN. Eur Respir J 2006;28(Suppl 50):683s

Powrie DJ, Wilkinson TM, Donaldson GC, Wedzicha JA. TIOTROPIUM REDUCES SUBJECTIVELY REPORTED
SPUTUM PRODUCTION IN COPD. Eur Respir J 2006;28(Suppl 50):661s (205.270)

Halpin D, Menjoge S, Viel K.  TIOTROPIUM REDUCES THE RISK OF COPD EXACERBATION
IRRESPECTIVE OF ITS CHARACTERIZATION BY THE TREATMENT INTERVENTION. Eur Respir J
2006;28(Suppl 50):764s

O'Donnell  DE,  Kesten  S,  Magnussen  H,  Leimer  I,  Hamilton  A.  EFFECTS  OF  TIOTROPIUM  ON  LUNG
VOLUMES DURING EXERCISE IN GOLD STAGE II TO IV COPD PATIENTS. Eur Respir J 2006;28 (Suppl
50):171s (205.131/223)

Halpin D, Viel K, Leimer I, Groenke L. BASELINE CHARACTERISTICS OF COPD PATIENTS WITH
FREQUENT COPD EXACERBATIONS IN TIOTROPIUM TRIALS. Eur Respir J2006;28(Suppl 50):175s (9 trials
pooled)

Caillaud D, LeMerre C, Martinat Y, Aguilaniy B, Leledy C, Iacono P. DOSE-RESPONSE TO TIOTROPIUM
ADMINISTERED VIA THE RESPIMAT SOFT MIST INHALER (SMI) TO PATIENTS WITH COPD. Eur Respir J
2006;28(Suppl 50):318s (205.127)

Halpin DMG, Menjoge S, Dusser D, Niewoehner D, Chan CK, Tonnel AB, et al. POOLED ANALYSIS OF EFFECT
OF TIOTROPIUM ON COPD EXACERBATIONS AND RELATED HOSPITALIZATIONS. Int Conf of the
American Thoracic Society (ATS), San Diego, 19 - 24 May 2006 Proc Am Thorac Soc 3, A605. (Pooled studies >6
months duration)



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 17

Tashkin D, Celli B, Decramer M, Burkhart D, Kesten S, Cassino C. PRESCRIBING PATTERNS ACCORDING TO
COPD TREATMENT GUIDELINES IN PATIENTS ENROLLED IN A GLOBAL CLINICAL TRIAL. Int Conf of
the American Thoracic Society (ATS), San Diego, 19 - 24 May 2006 Proc Am Thorac Soc 3, A111. (205.235)

Feifel U, Rominger KL, Neubacher D, Adamus WS. A MULTIPLE, INCREASING-DOSE, SAFETY, AND
TOLERABILITY STUDY OF ONCE-DAILY 8 MCG, 16 MCG, AND 32 MCG TIOTROPIUM ADMINISTERED
VIA RESPIMAT SOFT MIST INHALER FOR 14 DAYS IN HEALTHY VOLUNTEERS. Int Conf of the American
Thoracic Society (ATS), San Diego, 19 - 24 May 2006 Proc Am Thorac Soc 3, A83.  (205.112)

Dusser D, Viel K, Rouyrre N, Iacono P, MISTRAL Study Group. TIOTROPIUM REDUCES COPD
EXACERBATIONS REQUIRING TREATMENT WITH SYSTEMIC CORTICOSTEROIDS, ANTIBIOTICS, OR
HOSPITALIZATION. Int Conf of the American Thoracic Society (ATS), San Diego, 19 - 24 May 2006 Proc Am
Thorac Soc 3, A603. (MISTRAL 205.256)

Dusser D, Viel K, Bravo ML, Iacono P, MISTRAL Study Group. TIOTROPIUM REDUCES MODERATE-TO-
SEVERE EXACERBATIONS IN COPD PATIENTS IRRESPECTIVE OF CONCOMITANT USE OF INHALED
CORTICOSTEROIDS. Int Conf of the American Thoracic Society (ATS), San Diego, 19 - 24 May 2006 Proc Am
Thorac Soc 3, A603. (MISTRAL 205.256)

Brusasco V, Menjoge SS, Kesten S. FLOW AND VOLUME RESPONDERS OVER 12 HOURS FOLLOWING
TREATMENT WITH TIOTROPIUM OR SALMETEROL IN PATIENTS WITH COPD. Int Conf of the American
Thoracic Society (ATS), San Diego, 19 - 24 May 2006 Proc Am Thorac Soc 3, A110. (205.130/205.264)

Bourbeau J, Viel K, Weismantel S, Menjoge S. EVALUATION OF ADVERSE CARDIAC EVENTS IN THE
SPIRIVA HANDIHALER CLINICAL TRIAL PROGRAM. Int Conf of the American Thoracic Society (ATS), San
Diego, 19 - 24 May 2006 Proc Am Thorac Soc 3, A114. (Pooled COPD studies)

Beeh KM, Beier J, Buhl R, Gerken F, Metzdorf N. EFFICACY OF TIOTROPIUM (SPIRIVA) IN PATIENTS WITH
COPD SWITCHED FROM PREVIOUS TREATMENT WITH SHORT-ACTING ANTICHOLINERGICS. Int Conf
of the American Thoracic Society (ATS), San Diego, 19 - 24 May 2006 Proc Am Thorac Soc 3, A113. (205.257)

Ambrosino N, Angelis G de, Pasqua F, Paggiaro P, Cogo A, Balzano G. PHYSIOLOGIC AND SYMPTOM
CORRELATES OF EXERCISE TOLERANCE IN COPD PATIENTS. Int Conf of the American Thoracic Society
(ATS), San Diego, 19 - 24 May 2006 Proc Am Thorac Soc 3, A212.

Celli  B; Decramer M; Tashkin D; Menjoge S; Burkhart D; Cassino C; Kesten S. PREDICTORS OF MORTALITY
IN A LARGE GLOBAL COPD CLINICAL TRIAL. 2006 Int Conf of the American Thoracic Society (ATS), San
Diego, 19 - 24 May 2006 Proc Am Thorac Soc 3, A726. (205.235)

Decramer M; Tashkin D; Celli B; Menjoge S; Burkhart D; Cassino C; Kesten S. PREDICTORS OF
EXACERBATIONS OF COPD IN A LARGE GLOBAL CLINICAL TRIAL. 2006 Int Conf of the American
Thoracic Society (ATS), San Diego, 19 - 24 May 2006 Proc Am Thorac Soc 3, A271. (205.235)

Powrie D, Wilkinson T, Donaldson G, Viel K, Jones P, Scrine K, Wedzicha J. THE EFFECT OF TIOTROPIUM ON
DIARY BASED EXACERBATION FREQUENCY IN COPD. Int Conf of the American Thoracic Society (ATS),
San Diego, 19 - 24 May 2006 Proc Am Thorac Soc 3, A604. (205.270)

van Noord J, Aumann J, Janssens E, Smeets JJ, Mueller A, Cornelissen PJG. COMBINATION THERAPY OF
TIOTROPIUM PLUS SALMETEROL (T+S) SUPERIOR TO SINGLE AGENT THERAPY (TIO OR SALM) IN
TERMS OF DYSPNEA IMPROVEMENT IN COPD. Chest 2005;128 (4) (Suppl): 177S.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 18

van Noord J, Aumann J, Janssens E, Smeets JJ, Mueller A, Cornelissen PJG. IMPROVEMENTS OF DYSPNEA IN
COPD PATIENTS BY COMBINATION THERAPY WITH TIOTROPIUM PLUS SALMETEROL (T+S) IN
RESPONDERS AS WELL AS POOR RESPONDERS TO SALBUTAMOL. Chest 2005;128 (4) (Suppl): 258S.

Tashkin D, Celli B, DeCramer M, Burkhart D, Kesten S, Cassino C. COMORBID CONDITIONS REPORTED IN
PATIENTS WITH COPD RECRUITED INTO A GLOBAL CLINICAL TRIAL (UPLIFT). Ann Cong of the
European Respiratory Society, Copenhagen, 17-21 Sept 2005. (205.235)

Bateman E, Vam-Dyk M, Chang A, Sagriotis A.  A PILOT STUDY COMPARING TIOTROPIUM TO
SALMETEROL PLUS FLUTICASONE IN MODERATE COPD.  Ann Cong of the European Respiratory Society,
Copenhagen, 17-21 Sept 2005. (205.273)

Halpin D, Menjoge S, Viel K.  EFFECT OF AGE, GENDER, SEVERITY AND SMOKING STATUS ON RATE OF
DECLINE OF FEV1 IN PATIENTS WITH COPD.   Ann Cong of the European Respiratory Society, Copenhagen,
17-21 Sept 2005. (All tiotropium studies > 6 months)

Covelli H, Conoscenti C, Menjoge S, Cassino C, Kesten S. SPIROMETRIC CHANGES ACCORDING TO
PATIENT PERCEIVED DIFFERENCES IN OVERALL HEALTH STATUS. Proceedings of the American Thoracic
Society 2005; 2:A656. (205.284)

Tashkin D, Celli B, DeCramer M, Pauwels R, Menjoge S, Burkhart D, Cassino C, Kesten S. BRONCHODILATOR
RESPONSIVENESS IN COPD PATIENTS ENROLLED IN THE UPLIFT TRIAL. Proceedings of the American
Thoracic Society 2005; 2:A656. (205.235)

Niewoehner D, Gonzalez-Rothi R, Shigeoka J, Korducki L, Cassino C, Kesten S. REDUCED COPD
EXACERBATIONS IN PATEINTS WITH AND WITHOUT FIRST-DOSE PEAK FEV1 INCREASES  15% WITH
TIOTROPIUM. Proceedings of the American Thoracic Society 2005; 2:A543. (205.266)

van Noord JA, Aumann J, Janssens E, Mueller A, Cornelissen PJG. THE EFFECT OF TIOTROPUM,
SALMETEROL AND ITS COMBINATION ON DYNAMIC HYPERINFLATION IN COPD. Proceedings of the
American Thoracic Society 2005; 2:A542. (1184.7)

van Noord JA, Smeets JJ, Otte A, Bindels H, Mueller A, Cornelissen PJG. A COMPARISON OF THE 24-HOUR
BRONCHODILATOR EFFECT OF TIOTROPIUM DAILY, SALMETEROL TWICE DAILY OR THEIR
COMBINATION IN COPD. Proceedings of the American Thoracic Society 2005; 2:A542. (1184.7)

O’Donnell DE, Webb KA. THE EFFECT OF TIOTROPIUM ON VENTILATORY MECHANICS DURING
EXERCISE IN COPD. Proceedings of the American Thoracic Society 2005; 2:A494. (205.231)

Tashkin D, Celli B, DeCramer M, Pauwels R, Burkhart D, Cassino C, Kesten S. REGIONAL PATTERNS IN THE
CHARACTERISTICS OF PATIENTS RECRUITED INTO A LONG-TERM GLOBAL CLINICAL TRIAL IN
COPD (UPLIFT). Proceedings of the American Thoracic Society; 2005 May 20-25, San Diego, CA.Volume 2
Abstracts Issue: pA412.

O’Donnell D, Hamilton A, Kesten S. INFLUENCE OF THE EXERCISE-LIMITING SYMPTOMS ON THE
RELATIONSHIP BETWEEN LUNG HYPERINFLATION AND ENDURANCE TIME IN COPD PATIENTS
TREATED WITH TIOTROPIUM. Proceedings of the American Thoracic Society 2005; 2:A314. (205.131/205.223)

He Z, Lam M, Webb K, O’Donnell DE. VENTILATORY CONSTRAINTS DURING EXERCISE IN PATIENTS
WITH MILD COPD. Proceedings of the American Thoracic Society 2005; 2:A304. (205.131/205.223)



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 19

Niewoehner  D,  Rice  K,  Cote  C,  Korducki  L,  Cassino  C,  Kesten  S.  CHARACTERISTICS  OF  COPD  AND
RESPONSE TO ONCE-DAILY TIOTROPIUM IN AFRICAN AMERICANS IN THE VA MEDICAL SYSTEM.
Proceedings of the American Thoracic Society 2005; 2:A133. (205.266)

Okudan N, Gok M, Gokbel H, Suerdem M. THE EFFECT OF SINGLE DOSE TIOTROPIUM ON THE EXERCISE
CAPACITY IN THE SEVERE CHRONIC OBSTRUCTIVE PULMONARY DISEASE. Experimental Biology 2005,
San Diego, 2 - 6 Apr 2005; 35th Int Cong of Physiological Sciences, San Diego, 31 Mar - 5 Apr 2005 FASEB J 19
(5) , A1285

O'Donnell DE, Maltais F, Frith P, Southcott AM, Kesten S, Hamilton. A PERCEIVED LOCUS OF SYMPTOM
LIMITATION DURING CONSTANT WORK RATE CYCLE ERGOMETRY IN COPD PATIENTS TREATED
WITH TIOTROPIUM. Chest 2004;126 (4) (Suppl): 838S. (205.223)

Kesten S, Vincken WG, Noord JA van, Cornelissen PJ. SWITCHING TREATMENT FROM IPRATROPIUM TO
TIOTROPIUM IMPROVES SHORT-TERM CLINICAL OUTCOMES IN PATIENTS WITH CHRONIC
OBSTRUCTIVE PULMONARY DISEASE (COPD). Chest 2004;126 (4) (Suppl):837S-838S. (205.117/205.128)

Kesten S, Cassino C, Conoscenti C. ABSENCE OF ELECTROCARDIOGRAPHIC FINDINGS WITH DAILY
TIOTROPIUM IN PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE. Chest 2004;126 (4)
(Suppl):837S. (205.284)

Niewoehner DE, Rice K, Juschner W, et al. PREDICTION OF EXACERBATIONS BY EVALUATION OF
PATIENT CHARACTERISTICS AND PREVIOUS EVENTS IN COPD. Eur Respir J 2004;24(Suppl 48):90S.
(205.266)

O’Donnell D, Johnson B, Richter K, Kesten S, Hamilton A. INSPIRATORY CAPACITY (IC) AND DYSPNEA
DURING RECOVERY FROM SYMPTOM-LIMITED EXERCISE IN COPD PATIENTS TREATED WITH
TIOTROPIUM. Eur Respir J 2004;24(Suppl 48):214S. (205.223)

O’Donnell D, He Z, Lam M, Webb K, Flüge T, Hamilton A. REPRODUCIBILITY OF MEASUREMENTS OF
INSPIRATORY CAPACITY, DYSPNEA INTENSITY AND EXERCISE ENDURANCE IN MULTICENTRE
TRIALS IN COPD. Eur Respir J 2004;24(Suppl 48):323S. (205.131/205.223)

Decramer M, Pawwels R, Celli B, et al. EFFECTIVENESS OF A SPIROMETRIC QUALITY ASSURANCE
PROGRAM IN A LARGE-SCALE GLOBAL COPD TRIAL (UPLIFT). Eur Respir J 2004;24(Suppl 48):32S.
(205.235)

Dusser D, Bravo M-L, Iacono P on behalf of the MISTRAL Study Group.TIOTROPIUM REDUCES COPD
EXACERBATIONS: THE MISTRAL STUDY. Eur Respir J 2004;24(Suppl 48):513S. (MISTRAL, 205.214)

Dusser  D,  Bravo  M-L,  Iacono  P  on  behalf  of  the  MISTRAL  Study  Group.  TIOTROPIUM  REDUCES  HEALTH
RESOURCE UTILIZATION ASSOCIATED WITH COPD EXACERBATIONS.  Eur  Respir  J 2004;24(Suppl
48):513S. (MISTRAL, 205.214)

Langley S, Briggs D, Bhattacharya S, Kesten S, Cassino C. SPIROMETRIC OUTCOMES OF COPD PATIENTS
WITH TIOTROPIUM COMPARED WITH SALMETEROL ACCORDING TO PREVIOUS MAINTENANCE
LONG-ACTING BETA-AGONIST USE. Eur Respir J 2004;24(Suppl 48):289S. (205.130/205.137/205.264)

Edwards JC, Massey D, O’Riordan J. COPD EXACERBATIONS IN PATIENTS WITH CHRONIC OBSTRUCTIVE
PULMONARY DISEASE IN GENERAL PRACTICE IN IRELAND. Eur Respir J 2004;24(Suppl 48):89S.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 20

Anzueto A, Kesten S. EFFECTS OF TIOTRPIUM IN COPD PATIENTS ONLY TREATED WITH PRN
ALBUTEROL. Am J Respir Crit Care Med  2004;169(7):A611. (205.117/205.128)

Beeh KM, Beier J, Bulh R, et al. A DESCRIPTIVE ANALYSIS OF COPD PATIENTS IN A LARGE COHORT IN
PRIVATE PRACTICE IN GERMANY. Am J Respir Crit Care Med  2004;169(7):A603. (205.257)

Beeh KM, Beier J, Bulh R, Starl-Lorenzen P, Gerken F, Metzdorf N. EFFICACY OF TIOTROPIUM IN PATIENTS
WITH MILD TO MODERATE COPD. Am J Respir Crit Care Med  2004;169(7):A519 (205.257)

Briggs Jr D, Covelli H, Lapidus R, et al. IMPROVED DAYTIME SPIROMETRIC EFFICACY OF TIOTROPIUM
COMPARED WITH SALMETEROL IN COPD PATIENTS. Am J Respir Crit Care Med  2004;169(7):A518
(205.264)

Casaburi R, Kukafka D, Cooper CB, Kesten S.  IMPROVEMENT IN EXERCISE ENDURANCE WITH THE
COMBINATION OF TIOTROPIUM AND REHABILITATIVE EXERCISE TRAINING IN COPD PATIENTS. Am
J Respir Crit Care Med  2004;169(7):A756. (205.230)

Cooper CB, Kukafka D, Casaburi R, Kesten S. TIOTROPIUM AUGMENTS IMPROVEMENTS IN DYSPNEA
AND HEALTH-RELATED QUALITY OF LIFE FOLLOWING PULMONARY REHABILITATION IN COPD
PATIENTS. Am J Respir Crit Care Med  2004;169(7):A518. (205.230)

Hausen T, Wolf K, Golisch W. EFFECT OF TIOTROPIUM ON DYSPNEA IN COPD PATIENTS OF DIFFERING
SEVERITIES – OBSERVATIONAL STUDY IN PRIMARY CARE IN GERMANY. Am J Respir Crit Care Med
2004;169(7):A611. (205.277)

Mitfessel H, Wolf K, Golisch W. TIOTROPIUM USE IN SPECIALIST OFFICES IN GERMANY: AN
OBSERVATIONAL STUDY IN COPD PATIENTS OF DIFFERENT DISEASE SEVERITY. Am J Respir Crit Care
Med  2004;169(7):A519. (205.278)

O’Donnell D, Maltais F, Sciurba F, Kesten S, Hamilton A. SPIRIVA (TIOTROPIUM) IMPROVES SYMPTOM-
LIMITED EXERCISE TOLERANCE IN COPD PATIENTS. Am J Respir Crit Care Med  2004;169(7):A207.
(205.266)

O’Donnell D, Marciniuk D, Hernandez P, Richter K, Kesten S, Hamilton A. SPIRIVA (TIOTROPIUM) REDUCES
LUNG HYPERINFLATION AT REST AND DURING EXERCISE IN COPD PATIENTS. Am J Respir Crit Care
Med  2004;169(7):A772. (205.223)

Niewoehner DE, Rice K, Cote C, et al. REDUCED COPD EXACERBATIONS AND ASSOCIATED HEALTH
CARE UTILIZATION WITH ONCE-DAILY TIOTROPIUM (TIO) IN THE VA MEDICAL SYSTEM. Am J Respir
Crit Care Med  2004;169(7):A207.

Niewoehner DE, Arnold PM, Kesten S. DEMOGRAPHICS AND CO-MORBIDITIES IN PATIENTS WITH
CHRONIC OBSTRUCTIVE PULMONARY DISEASE IN THE VETERANS ADMINISTRATION MEDICAL
SYSTEM. Chest 2003;124(4):169S.(205.266)

Gross N, Kesten S, Menjoge S. A COMPARISON OF MAINTENANCE TIOTROPIUM AND SALMETEROL ON
ARTERIAL BLOOD GAS TENSIONS IN PATIENTS WITH COPD. AARC 2003. (205.234)

O’Donnell D, Magnussen H, Gerken F, Kesten S and Fluege T. CARDIOVASCULAR EVALUATION OF
TIOTROPIUM DURING CONSTANT-WORK RATE EXERCISE IN COPD. Eur Respir J 2003;22(Suppl 45):49S.
(205.131)



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 21

Häußermann S, Roeder S, Türck D, Wallenstein G, Sommerer K, Scheuch G. THE LUNG DEPOSITION OF
TIOTROPIUM IN COPD PATIENTS IS COMPARABLE TO THAT IN HEALTHY SUBJECTS AND
INDEPENDENT OF THE STAGE OF COPD DISEASE.  (Eur Respir J 2003;22(Suppl 45):51S. (205.238)

Koenen-Bergmann M, Witek T.J. Jr., Türck D, Gerken F, Disse B. PHARMACOLOGIC EFFECTS OF ACUTE
ADMINISTRATION OF IPRATROPIUM ON TOP OF MAINTENANCE TREATMENT WITH TIOTROPIUM.
Eur Respir J 2003;22(Suppl 45):67S. (205.239)

van Noord J, Aumann J, Janssens E, Mueller A and Cornelissen P. RELATION BETWEEN THE ACUTE
RESPONSE TO SALBUTAMOL AND LONG-TERM FEV1 RESPONSES TO TIOTROPIUM (TIO),
FORMOTEROL (FORM) AND ITS COMBINATION (T+F) IN COPD PATIENTS. Eur Respir J 2003;22(Suppl
45):4S.

van Noord JA, Aumann J, Janssens E, Folgering H, Mueller A, Cornelissen PJG. TIOTROPIUM MAINTENANCE
THERAPY IN PATIENTS WITH COPD AND THE 24 HOUR SPIROMETRIC BENEFIT OF ADDING ONCE OR
TWICE DAILY FORMOTEROL DURING 2 WEEK TREATMENT PERIODS. Am J Respir Crit Care Med
2003;167(7): A95.

Ichinose M, Nishimura M, Hirata K, Nagai A, Yochida M, Fukuchi Y. TIOTROPIUM ONCE DAILY IMPROVES
SPIROMETRY OVER 24 HOURS IN JAPANESE PATIENTS WITH COPD. Am J Respir Crit Care Med
2003;167(7): A95.

Hirata K, Nichimura M, Ichinose M, Nishimura K, Nagai A, Yoshida M, Fukuchi Y. TIOTROPIUM ONCE DAILY
IMPROVES HEALTH STATUS IN JAPANESE PATIENTS WITH COPD. Am J Respir Crit Care Med
2003;167(7): A94.

Friedman M, Lanes S, Kesten S.  REDUCTION IN THE INCIDENCE RATE OF COPD EXACERBATIONS WITH
TIOTROPIUM. Am J Respir Crit Care Med  2003;167(7):A948.

Brusasco V, Menjoge SS, Kesten S. FLOW AND VOLUME RESPONDERS FOLLOWING TREATMENT WITH
TIOTROPIUM AND SALMETEROL IN PATIENTS WITH COPD. Am J Respir Crit Care Med  2003;167(7):A320.

Zu Wallack R, Morganroth J, Lanes S, Kesten S.  ELECTROCARDIOGRAPHIC EVALUATIONS IN COPD
PATIENTS TREATED WITH TIOTROPIUM IN ONE-YEAR CLINICAL TRIALS. Am J Respir Crit Care Med
2003;167(7):A94.

van Noord JA, Aumann J, Janssens E, Mueller A, Cornelissen PJG.  COMPARISON OF ONCE DAILY
TIOTROPIUM, TWICE DAILY FOMOTEROL AND THE FREE COMBINATION, ONCE DAILY, IN PATIENTS
WITH COPD. Am J Respir Crit Care Med  2003;167(7):A320.

Cazzola M, Marco F di, Santus P, Boveri B, Verga M, Centanni S. THE ADDITION OF FORMOTEROL (FOR) TO
TIOTROPIUM (TIO) INDUCES A SLIGHT IMPROVEMENT IN LUNG FUNCTION IN PATIENTS WITH COPD.
99TH Int Conf of the American Thoracic Society (ATS), Seattle, 16-21 May 2003, Abst P318.

Briggs D, Bhattacharya S, Kesten S.  TIOTROPIUM IS EFFECTIVE IN PATIENTS WITH GOLD STAGE I
DISEASE (MILD COPD). Chest Scientific Highlights: Abstracts of Original Investigations and Case Reports
2002;A287.

Oostenbrink JB, Rutten-van Molken M, Anton A, Koch, P.  A MARKOV MODEL BASED ON COPD DISEASE
SEVERITY TO ANALYZE THE RESULTS FROM TIOTROPIUM TRIALS.  Ann Cong of the European
Respiratory Society, Stockholm, 14 – 18 Sep 2002. Abst P833.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 22

Briggs DD, Witek TJ, Menjoge SS, Kesten S.  EVALUATING THE EFFICACY OF CHRONIC THERAPY WITH
TIOTROPIUM IN COPD THROUGH DISCONTINUATION OF TREATMENT. Ann Cong of the European
Respiratory Society, Stockholm, 14 – 18 Sep 2002. Abst P1589.

Dahl R, Backer V, Ollgaard BG, Gerken F, Kesten S.  SUPERIORITY OF PATIENT PERFORMANCE WITH THE
HANDIHALER COMPARED WITH THE MDI FOUR WEEKS AFTER INSTRUCTION. Ann Cong of the
European Respiratory Society, Stockholm, 14 – 18 Sep 2002. Abst P1598.

Spencer S, Jones PW.  SHORT-TERM CHANGES IN HEALTH STATUS WITH TIOTROPIUM PREDICT LONG-
TERM CHANGES IN HEALTH STATUS. Ann Cong of the European Respiratory Society, Stockholm, 14 – 18 Sep
2002. Abst P1611.

Huchon G, Verkindre C, Bart F, Aguilaniu B, Guerin JC, Lemerre C, Gineste P.  IMPROVEMENTS WITH
TIOTROPIUM ON ENDURANCE MEASURED BY THE SHUTTLE WALKING TEST (SWT) AND ON HEALTH
RELATED QUALITY OF LIFE (HRQoL) IN COPD PATIENTS. Ann Cong of the European Respiratory Society,
Stockholm, 14 – 18 Sep 2002. Abst P1825.

O’Donnell DE, Magnussen H, Gerken F, Kesten S, Fluege T.  MECHANISMS OF IMPROVED EXERCISE
TOLERANCE IN COPD IN RESPONSE TO TIOTROPIUM. Ann Cong of the European Respiratory Society,
Stockholm, 14 – 18 Sep 2002. Abst P1826.

Celli, BR, ZuWallack RL, Wang S, Kesten S.  IMPROVEMENTS IN INSPIRATORY CAPACITY WITH
TIOTROPIUM IN PATIENTS WITH COPD. Ann Cong of the European Respiratory Society, Stockholm, 14 – 18
Sep 2002. Abst P3079.

Donohue JF, Rea HH, Menjoge SS, Kesten S.  ALTERATIONS IN BRONCHODILATOR EFFECTIVENESS OVER
SIX MONTHS WITH TIOTROPIUM AND SALMETEROL. Am J Respir Crit Care Med 2002;165:A227.

Friedman M, Morera G, Menjoge S, Kesten S.  REDUCED COPD EXACERBATIONS WITH TIOTROPIUM. Am J
Respir Crit Care Med 2002;165:A270.

O’Donnell DE, Magnussen H, Aguilaniu B, Make B, Fluege T, Hamilton A.  SPIRIVA (TIOTROPIUM) REDUCES
EXERTIONAL DYSPNEA IN COPD. Am J Respir Crit Care Med 2002;165:A265.

Langley S, Towse L, Kesten S, Calverley PM.  HEART RATE AND RHYTHM ANALYSIS FROM HOLTER
MONITORING IN COPD PATIENTS RECEIVING TIOTROPIUM. Am J Respir Crit Care Med   2002;165:A592.

Bateman ED, Jenkins C, Korducki L, Kesten, S.  TIOTROPIUM (TIO) IMPROVES HEALTH CARE RESOUCE
UTILAZATION (HRU) AND PATIENT DISABILITY IN PATIENTS WITH COPD. Am J Respir Crit Care Med
2002;165:A111.

Magnussen H, O’Donnell DE, Casaburi R, Kesten S, Gerken F, Fluge T.  SPIRIVA (TIOTROPIUM) REDUCES
LUNG HYPERINFLATION IN COPD. Am J Respir Crit Care Med 2002;165:A227.

Friedman M, Korducki L, Kesten S.  RECOVERY OF PEFR IN COPD EXACERBATIONS IN ONE YEAR
CLINICAL TRIALS. Am J Respir Crit Care Med 2002;165:A270.

Spencer S, Jones PW.  DECLINE IN HEALTH STATUS OVER ONE YEAR IS ELIMINATED BY TIOTROPIUM.
Am J Respir Crit Care Med 2002;165:228.

Witek TJ, Mahler DA.  VALIDITY AND PATTERNS OF RESPONSE OF DYSPNEA MEASURES IN A 6
MONTH BRONCHODILATOR INTERVENTION TRIAL IN COPD. Am J Respir Crit Care Med 2002;165:A226.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 23

O’Donnell DE, Magnussen H, Aguilaniu B, Gerken F, Hamilton A, Fluge T.  SPIRIVA (TIOTROPIUM)
IMPROVES EXERCISE TOLERENCE IN COPD. Am J Respir Crit Care Med 2002;165:A227.

Pauwels R., Creemers J PHM, Menjoge SS, Kesten S, Cornelissen PJG.  TIOTROPIUM: COPD EXACERBATION
AND DECLINE IN FEV1.  Annual Congress of the European Respiratory Society; 2001 Sep 21-26; Berlin,
Germany. Abstract: P3252. [abstracts on CD-ROM]. Faribault, MN: Marathon Multimedia. 2001.

van Noord JA, Smeets JJ, Menjoge SS, Kesten S, Cornelissen PJG.   DOES AN ACUTE FEV1 RESPONSE
PREDICT LONG-TERM IMPROVEMENTS WITH BRONCHODILATORS IN PATIENTS WITH COPD?  Annual
Congress of the European Respiratory Society; 2001 Sep 21-26; Berlin, Germany. Abstract: P3253. [abstracts on CD-
ROM]. Faribault, MN: Marathon Multimedia. 2001.

Vincken WG, Vermeire P, Menjoge SS, Kesten S, Cornelissen PJG.  MAINTENANCE OF BRONCHODILATION
FOLLOWING TIOTROPIUM IN PATIENTS WITH MILD, MODERATE AND SEVERE COPD IN ONE YEAR
CLINICAL TRIALS.  Annual Congress of the European Respiratory Society; 2001 Sep 21-26; Berlin, Germany.
Abstract: P2202.  [abstracts on CD-ROM]. Faribault, MN: Marathon Multimedia. 2001.

Donahue JF, van Noord JA, Langley S, Lee A, Kesten S, Towse L.   SUPERIOR BRONCHODILATION OF ONCE
DAILY TIOTROPIUM COMPARED TO TWICE DAILY SALMETEROL IN PATIENTS WITH COPD.  Annual
Congress of the European Respiratory Society, Berlin, Germany; 2001 Sep 21-26; Berlin, Germany. Abstract: P289.
[abstracts on CD-ROM]. Faribault, MN: Marathon Multimedia. 2001.

Brusasco V, Thompson P, Vincken W, Lee A, Towse L, Witek TJ.  IMPROVEMENT OF DYSPNEA FOLLOWING
SIX MONTHS TREATMENT WITH TIOTROPIUM BUT NOT WITH SALMETEROL IN PATIENTS WITH
COPD.  Annual Congress of the European Respiratory Society; 2001 Sep 21-26; Berlin, Germany. Abstract: P286.
[abstracts on CD-ROM]. Faribault, MN: Marathon Multimedia. 2001.

Bateman ED, Hodder R, Miravitlles M, Lee A, Towse L, Serby C.  A COMPARATIVE TRIAL OF TIOTROPIUM,
SALMETEROL AND PLACEBO: HEALTH-RELATED QUALITY OF LIFE.  Annual Congress of the European
Respiratory Society; 2001 Sep 21-26; Berlin, Germany. Abstract: P287. [abstracts on CD-ROM]. Faribault, MN:
Marathon Multimedia. 2001.

Friedman M, Bell T, Menjoge SS, Anton S, Koch P.  COST CONSEQUENCES OF TIOTROPIUM PLUS
EXISTING THERAPY VERSUS EXISTING THERAPY ALONE FOLLOWING ONE YEAR OF TREATMENT IN
PATIENTS WITH COPD.  Annual Congress of the European Respiratory Society; 2001 Sep 21-26; Berlin,
Germany. Abstract: 139. [abstracts on CD-ROM]. Faribault, MN: Marathon Multimedia. 2001.

Hasani A, Toms N, Creer DD, et al. EFFECT OF INHALED TIOTROPIUM ON TRACHEOBRONCHIAL
CLEARANCE IN PATIENTS WITH COPD.  Annual Congress of the European Respiratory Society; 2001 Sep 21-
26; Berlin, Germany. Abstract: P1678. [abstracts on CD-ROM]. Faribault, MN: Marathon Multimedia. 2001.

Oostenbrink JB, Rutten-van Molken MPMH, Anton SF, Hoenderdos E.  COSTS AND CONSEQUENCES OF
TIOTROPIUM COMPARED TO IPRATROPIUM IN PATIENTS WITH COPD. Chest 2001;120:148S.

Kesten S, Flanders JS, Menjoge SS, Serby CW.  IMPROVEMENTS IN COPD FOLLOWING TREATMENT WITH
TIOTROPIUM IN ELDERLY PATIENTS. Chest 2001;120:163-164S.

Kesten S, Flanders JS, Menjoge SS, Serby CW.  MAINTENANCE OF BRONCHODILATION FOLLOWING
TIOTROPIUM IN PATIENTS WITH MILD, MODERATE, AND SEVERE COPD IN 1-YEAR PLACEBO-
CONTROLLED CLINICAL TRIALS. Chest 2001;120:170S.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 24

Jones PW, Witek TJ. DETERMINATION OF CLINICALLY SIGNIFICANT EFFECTS IN HEALTH STATUS
WITH THE ST. GEORGE’S RESPIRATORY QUESTIONNAIRE (SGRQ). Chest 2001;120:269S.

Hasani  A,  Agnew  JE,  Dilworth  JP,  Begent  L,  Mier  A,  Sarno  M,  Lee  A,  and  Harrison  A.   EFFECT  OF
TIOTROPIUM ON DISTRIBUTION PATTERN OF AEROSOL PARTICLES DEPOSITED IN THE LUNG. Am J
Respir Crit Care Med 2001;163 (5):A277.

Anzueto  A,  Menjoge  SS,  Kesten  S.   CHANGES  IN  FEV1 OVER TIME IN ONE YEAR CLINICAL TRIALS OF
TIOTROPIUM IN COPD. Am J Respir Crit Care Med 2001;163 (5):A280.

Jones PW, Koch P, Menjoge SS, Witek TJ. THE IMPACT OF COPD EXACERBATIONS ON HEALTH RELATED
QUALITY OF LIFE (HRQL) IS DECREASED BY TIOTROPIUM (TIO). Am J Respir Crit Care Med
2001;163:A771 .

Pauwels RA, Menjoge SS, Kesten S.  COPD EXACERBATIONS AND DECLINE IN FEV1:  THE  ROLE  OF
TIOTROPIUM. Am J Respir Crit Care Med 2001;163:A770.

Weisman I, Menjoge SS, Serby CW, Kesten S.  INFLUENCE OF GENDER ON OUTCOMES IN LARGE COPD
CLINICAL TRIALS. Am J Respir Crit Care Med 2001;163:A281.

Kotch A, Menjoge SS, Serby CW, Kesten S.  NOCTURNAL SYMPTOMS AND SEVERITY OF DISEASE IN
COPD. Am J Respir Crit Care Med 2001;163:A906.

Casaburi  R,  Mahler  DA,  Jones  PW,  Serby  CW,  Menjoge  SS,  Witek  TJ,  Jr.   TIOTROPIUM  IMPROVES  LUNG
FUNCTION, DYSPNEA AND QUALITY OF LIFE IN PATIENTS WITH COPD.  'Chest 2000', Clinical World
Cong on Diseases of the Chest, San Francisco, 22 - 26 Oct 2000 Chest 2000;118:134S-135S.

Friedman M, Menjoge SS, Kesten S, Witek TJ, Jr.  AN EVALUATION OF PEFR AS A PREDICTOR OF COPD
EXACERBATIONS IN LARGE ONE YEAR COPD CLINICAL TRIALS. Am J Respir Crit Care Med
2001;163:A768.

Tashkin DP, Menjoge SS, Kesten S.  IS AN ACUTE FEV1 IMPROVEMENT OF 12% AND 200 ML PREDICTIVE
OF LONG-TERM IMPROVEMENTS WITH BRONCHODILATORS IN PATIENTS WITH COPD? Am J Respir
Crit Care Med 2001;163:A280.

Koch P, Burch SP, Reese PR, Menjoge SS, Witek TJ, Jr.  VALIDITY AND RELIABILITY TESTING OF THE ST.
GEORGE'S RESPIRATORY QUESTIONNAIRE (SGRQ) IN EVALUATING TIOTROPIUM EFFECTS IN COPD.
Am J Respir Crit Care Med 2001;163:A316.

Jones PW, Koch P, Menjoge SS, Witek TJ, Jr.  THE IMPACT OF COPD EXACERBATIONS (EXAC) ON
HEALTH RELATED QUALITY OF LIFE (HRQL) IS ATTENUATED BY TIOTROPIUM (TIO). Am J Respir Crit
Care Med 2001;163:A771.

McNicholas WT, Calverley PMA, Edwards C, Lee A.  EFFECTS OF ANTICHOLINERGIC THERAPY
(TIOTROPIUM) ON REM-RELATED DESATURATION (SAO2) AND SLEEP QUALITY IN PATIENTS WITH
COPD. Am J Respir Crit Care Med 2001;163:A280.

Witek TJ, Jr., Mahler DA.  THE TRANSITION DYSPNEA INDEX (TDI) IN ASSESSING IMPROVEMENTS IN
BREATHLESSNESS FOLLOWING TIOTROPIUM (TIO). Am J Respir Crit Care Med 2001;163:A316.

Hasani A, Agnew JE, Dilworth JP, Creer D, Mier A, Sarno M, Lee A, Harrison A.  EFFECT OF TIOTROPIUM ON
LUNG VENTILATORY DISTRIBUTION IN COPD PATIENTS. Am J Respir Crit Care Med 2001;163:A282.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 25

Oostenbrink JB, Rutten von-Molken MPMH, Koch P, Hoenderdos E.  COSTS OF COPD EXACERBATIONS. Am J
Respir Crit Care Med 2001;163:A642.

Kesten  S,  Flanders  J,  Serby  CW,  Witek  TJ,  Jr.   COMPLIANCE  WITH  TIOTROPIUM,  A  ONCE  DAILY  DRY
POWDER INHALED BRONCHODILATOR, IN ONE YEAR COPD TRIALS.  'Chest 2000', Clinical World Cong
on Diseases of the Chest, San Francisco, 22 - 26 Oct 2000 Chest 2000;118:191S-192S.

Wiedemann HP. TIOTROPIUM IMPROVED LUNG FUNCTION MORE THAN IPRATROPIUM IN CHRONIC
OBSTRUCTIVE PULMONARY DISEASE: COMMENTARY. Evidence Based Med (Philadelphia) 2000;5:169.

Kesten S, Wang S, Serby CW, Witek TJ, Jr.  COMPLIANCE WITH HOME PEAK FLOW MONITORING IN
COPD CLINICAL TRIALS. 'Chest 2000', Clinical World Cong on Diseases of the Chest, San Francisco, 22 - 26 Oct
2000 Chest 2000;118:190S-191S.

Vincken  W,  van  Noord  JA,  Greefhorst  APM,  Bantje  Th,  Korducki  L,  Moonen  D,  Cornelissen  PJG.   SUPERIOR
BRONCHODILATOR EFFECTS OF TIOTROPIUM (TIO) VS. IPRATROPIUM (IB) IN COPD OVER A ONE
YEAR CLINICAL TRIAL.  World Cong on Lung Health, 10th Ann Cong of the European Respiratory Society
(ERS), Florence, 30 Aug - 3 Sep 2000 Eur Respir J 2000;16:55S.

Greefhorst APM, Vincken W, van Noord JA, Korducki L, Moonen D, Cornelissen PJG.  IMPROVEMENT IN
PERCEIVED DYSPNEA IN COPD PATIENTS RECEIVING TIOTROPIUM (TIO) VS. IPRATROPIUM (IB).
World Cong on Lung Health, 10th Ann Cong of the European Respiratory Society (ERS), Florence, 30 Aug - 3 Sep
2000 Eur Respir J 2000;16:54S-55S.

Creemers  JPHM,  Vincken  W,  Noord  JA  van,  Bantje  T,  Korducki  L,  Moonen  D,  Cornelissen  PJG.  TIOTROPIUM
REDUCES THE INCIDENCE OF COPD EXACERBATIONS COMPARED TO IPRATROPIUM (IB). World Cong
on Lung Health, 10th Ann Cong of the European Respiratory Society (ERS), Florence, 30 Aug - 3 Sep 2000 Eur
Respir J 2000;16:54S.

van Noord JA, Jones PW, Vincken W, Greefhorst APM, Moonen D, Korducki L, Cornelissen PJG.  TIOTROPIUM
(TIO): IMPROVED QUALITY OF LIFE COMPARED TO IPRATROPIUM (IB) IN PATIENTS WITH COPD.
World Cong on Lung Health, 10th Ann Cong of the European Respiratory Society (ERS), Florence, 30 Aug - 3 Sep
2000 Eur Respir J 2000;16:54S.

Schilling JC, Witek TJ, Jr., Feifel U, Souhrada JF, Disse B.  SAFETY AND TOLERABILITY OF SUPRA-
THERAPEUTIC DOSES OF INHALED TIOTROPIUM (TIO).  World Cong on Lung Health, 10th Ann Cong of the
European Respiratory Society (ERS), Florence, 30 Aug - 3 Sep 2000 Eur Respir J 2000;16:361S.

Calverley PMA, Towse LJ, Lee A.  THE TIMING OF DOSE AND PATTERN OF BRONCHODILATATION OF
TIOTROPIUM (TIO) IN STABLE COPD. World Cong on Lung Health, 10th Ann Cong of the European Respiratory
Society (ERS), Florence, 30 Aug - 3 Sep 2000 Eur Respir J 2000;16:56S.

Donohue  JF,  Kotch  A,  Menjoge  SS,  Witek  TJ,  Jr.,  Kesten  S.   CIRCADIAN  PATTERNS  OF  RESCUE  BETA2-
AGONIST USE IN COPD. World Cong on Lung Health, 10th Ann Cong of the European Respiratory Society (ERS),
Florence, 30 Aug - 3 Sep 2000 Eur Respir J 2000;16:56S.

San Pedro G, Elias DJ, Serby CW, Witek TJ, Jr. for the American Study Group.  TIOTROPIUM (SPIRIVATM): ONE
YEAR BRONCHODILATOR EFFICACY ESTABLISHED WITH ONCE DAILY DOSING IN COPD PATIENTS.
Am J Respir Crit Care Med 2000; 161:A749.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 26

ZuWallack  R,  Jones  PW,  Kotch  A,  Goodwin  B,  Menjoge  SS,  Serby  CW  for  the  American  Study  Group.
TIOTROPIUM (SPIRIVATM) IMPROVES HEALTH STATUS IN PATIENTS WITH COPD. Am J Respir Crit Care
Med 2000; 161:A892.

Mahler DA, Montner P, Brazinsky SA, Goodwin B, Menjoge SS, Witek TJ. TIOTROPIUM (SPIRIVATM), A NEW
LONG-ACTING ANTICHOLINERGIC BRONCHODILATOR, IMPROVES DYSPNEA IN PATIENTS WITH
COPD. Am J Respir Crit Care Med 2000;161:A892.

Vincken W, Greefhorst APM, Westbroek J, Korducki L, Moonen D, Cornelissen PJG. ONCE-DAILY TIOTROPIUM
(TIO) IS MORE EFFICACIOUS THAN Q.I.D. IPRATROPIUM (IB) AS MAINTENANCE TREATMENT OF
COPD.  1999 Ann Cong of the European Respiratory Society, Madrid, 9 - 13 Oct 1999 Eur Respir J 1999;14:520S.

Wanner A, ZuWallack R, Elias D, Serby C, Menjoge S, Witek TJ, Jr.  EFFICACY OF ONCE DAILY
TIOTROPIUM (TIO) IN STABLE COPD.  1999 Ann Cong of the European Respiratory Society, Madrid, 9 - 13 Oct
1999 Eur Respir J 1999;14:520S.

Richter K, Beckers B, Freund E, Magnussen H.  EFFECT OF ACUTE AND CHRONIC TREATMENT WITH A
LONG-ACTING ANTICHOLINERGIC AGENT (TIOTROPIUM) ON AIRWAY RESPONSIVENESS IN
ASTHMATICS.  1999 Ann Cong of the European Respiratory Society, Madrid, 9 - 13 Oct 1999 Eur Respir J
1999;14:288S.

Chodosh S, Flanders J, Serby CW, Hochrainer D, Witek TJ, Jr.  EFFECTIVE USE OF HANDIHALER  DRY
POWDER INHALATION SYSTEM OVER A RANGE OF COPD DISEASE SEVERITY. Am J Respir Crit Care
Med 1999;159:A524.

Noveck  R,  Haynes  E,  Koker  P,  Wang  Q,  Souhrada  JF,  Witek  TJ,  Jr.   BRONCHODILATOR  EFFECT  OF
TIOTROPIUM IN MODERATE-SEVERE ASTHMATICS. Am J Respir Crit Care Med 1999;159:A625.

van Noord J, Bantje T, Eland M, Korducki L, Cornelissen P.  SUPERIOR EFFICACY OF TIOTROPIUM (TIO)
COMPARED TO IPRATROPIUM (IPBR) AS A MAINTENANCE BRONCHODILATOR IN COPD. Am J Respir
Crit Care Med 1999;159:A525.

Disse B, Rominger K, Serby CW, Souhrada JF, Witek TJ, Jr.  THE PHARMACOKINETIC (PK) PROFILE TO
TIOTROPIUM DURING LONG-TERM TREATMENT IN STABLE COPD. Am J Respir Crit Care Med
1999;159:A524.

Casaburi R, Serby CW, Menjoge SS, Witek TJ, Jr.  THE SPIROMETRIC EFFICACY OF ONCE DAILY DOSING
WITH TIOTROPIUM IN STABLE COPD. Am J Respir Crit Care Med 1999;159:A524.

van Noord JA, Smeets JJ, Maesen FPV, Korducki L, Cornelissen PJG.  THE ONSET FOLLOWING ONCE DAILY
INHALATION OF TIOTROPIUM IN PATIENTS WITH COPD. Eur Respir J 1998;12:A0124.

Friedman, M, Auerbach D. Campbell S, Dunn L, Ilowite J, Littner M, Tashkin D, Taylor J, Menjoge S, Serby C,
Flanders J, Witek TJ, Jr. TIOTROPIUM IN PATIENTS WITH COPD. Am J Respir Crit Care Med 1998;157:A804.

Littner M, Auerbach D, Campbell S, Dunn L, Friedman M, Ilowite J,  Tashkin D, Taylor J,  Menjoge S, Serby CW,
Witek TJ. THE BRONCHODILATOR EFFECTS OF TIOTROPIUM IN STABLE COPD. Am J Respir Crit Care
Med 1997;155:A282.

Disse B, Rominger K, Serby CW, Souhrada JF, Witek TJ.  THE PHARMACOKINETIC (PK) PROFILE OF
TIOTROPIUM DURING LONG-TERM TREATMENT IN STABLE COPD. Am J Respir Crit Care Med
1997;159:A524



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 27

O'Connor BJ, Aikman SL, Towse LJ, Barnes PJ. EFFECT OF BA 679 BR, A NOVEL LONG-ACTING
ANTICHOLINERGIC AGENT, ON AIRWAY FUNCTION IN ASTHMA: SUSTAINED PROTECTION AGAINST
METHACHOLINE-INDUCED BRONCHOCONSTRICTION. Am J Respir Crit Care Med 1994;149:A1054.

Maesen FPV, Smeets JJ, Sledsens R, Wald FDM, Cornelissen PJG. TIOTROPIUM BROMIDE (BA 679 BR).A NEW
LONG ACTING ANTIMUSCARINIC BRONCHODILATOR AS SINGLE DOSE POWDER INHALATION: A
PLACEBO CONTROLLED DOSE AND TIME RESPONSE TRIAL IN PATIENTS WITH COPD. 60th Ann Int Sci
Assy of the American College of Chest Physicians, New Orleans, 30 Oct - 3 Nov 1994 Chest 1994;106:109S.

Haddad EB, Mak JCW, Barnes PJ. CHARACTERIZATION OF [3H]BA 679 BR, A SLOW-DISSOCIATING
MUSCARINIC ANTAGONIST, IN HUMAN LUNG: RADIOLIGAND BINDING AND AUTORADIOGRAPHIC
MAPPING. Proc of the British Pharmacological Society Mtg, London, 5 - 7 Jan 1994 Br J Pharmacol 112 (Suppl),
(1994)

Takahashi T, Belvisi MG, Patel H, Ward JK, Tadjkarimi S, Yacoub MH, Barnes PJ. EFFECT OF BA 679 BR, A
NOVEL LONG-ACTING ANTICHOLINERGIC AGENT, ON CHOLINERGIC NEUROTRANSMISSION IN
GUINEA-PIG AND HUMAN AIRWAYS. Proc of the British Pharmacological Society Mtg, London, 5 - 7 Jan 1994
Br J Pharmacol 112 (Suppl), (1994)

Reichl R, Traunecker W, Disse B. EXPERIMENTAL PHARMACOLOGY OF BA 679 BR, A NOVEL LONG
ACTING ANTIMUSCARINIC BRONCHODILATOR. Ann Cong of the European Respiratory Society, Florence, 25
- 29 Sep 1993 Eur Respir J1993;6:383S.

Speck GA. BA 679 BR, A SLOW DISSOCIATING COMPOUND FROM HUMAN MUSCARINIC RECEPTOR
SUBTYPES. 34th Spring Mtg of the German Society for Pharmacology and Toxicology, Mainz, 16 - 18 Mar 1993
Naunyn Schmiedebergs Arch Pharmacol 1993;347:R112.

Reichl R, Traunecker W. PHARMACOLOGICAL PROFILE OF BA 679 BR, A NEW LONG ACTING
ANTICHOLINERGIC BRONCHODILATOR. 34th Spring Mtg of the German Society for Pharmacology and
Toxicology, Mainz, 16 - 18 Mar 1993 Naunyn Schmiedebergs. Arch Pharmacol 1993;347:R112.

Berner B. IN-VIVO-RECEPTOR BINDING STUDIES IN PERIPHERAL TISSUES OF THE
RAT.CHARACTERIZATION OF KINETIC BINDING PROPERTIES OF BA 679 AT MUSCARINIC
RECEPTORS AFTER IV AND INHALATIVE ADMINISTRATION. Thesis, Johann-Wolfgang-Goethe-Univ,
Frankfurt, 1993, 1-137.

Maesen FPV, Smeets JJ, Costongs MAL, Wald FDM, Cornelissen PJG. PILOT DOSE-ESCALATION STUDY IN
COPD OF THE NEW ANTIMUSCARINIC BRONCHODILATOR BA 679 BR. 58th Ann Int Sci Assy, Chicago, 25
- 29 Oct 1992 Chest 1992;102:112S.

Maesen FPV, Smeets JJ, Costongs MAL, Cornelissen PJG, Wald FDM. BA 679 BR: A NEW LONG-ACTING
ANTIMUSCARINIC BRONCHODILATOR. Ann Cong Vienna, 29 Aug - 3 Sep 1992 Eur Respir J 1992;5:211S.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 28

Tiotropium Use in COPD Patients with Asthma

Mangussen et al. performed a 12-week randomized, double-blind, placebo-controlled, parallel group trial with
tiotropium 18 mcg daily.  The primary objective of the trial was to demonstrate the superiority of tiotropium 18 mcg
once daily administered via the HandiHaler compared to placebo in the treatment of patients with COPD and a
concomitant diagnosis of asthma.  The primary efficacy endpoint was the change in FEV1 AUC0-6h after 12 weeks of
treatment.  Patients were allowed to continue usual respiratory medications except for inhaled anticholinergics.
Participation was contingent upon the following inclusion criteria: diagnosis of both COPD and asthma, age >40
years, smoking history >10 pack years, post-bronchodilator FEV1<80% predicted, FEV1/FVC<70%, >12% and >200
ml increase in FEV1 following inhaled bronchodilator at the screening visit or documented within the last 5 years in
patient’s records, and received inhaled steroids >1  year  prior  to  study  entry.  At  baseline  and  4  and  12  weeks
following randomization, spirometry was measured 30 and 10 minutes before the study drug administration and
serially for 6 hrs post-dosing.  Four hundred seventy two patients were randomized to tiotropium 18 mcg (228
patients) or matching placebo (244 patients).  The mean age of the patient population was 59.6 years, 61.4% men,
and the mean FEV1 was 1.55 L (53.0% predicted).  The mean duration of COPD and asthma was 9.2 and 43.2 years,
respectively.  Baseline characteristics of the two treatment groups were balanced. At 12 weeks, improvements were
noted in the primary endpoint (FEV1 AUC0-6h difference 186±24 ml, p<0.001) and for morning pre-dose FEV1
(difference 98±23 ml, p<0.001).  Further, significant differences in favor of tiotropium were observed for pre-dose
FVC (difference 128±34 ml, p<0.001) and FVC AUC0-6h (difference 232±35 ml, p<0.001).  Compared to baseline,
the mean weekly number of daily puffs of rescue salbutamol was significantly decreased in the tiotropium arm
(difference between placebo and tiotropium groups of 0.45±0.17 puffs, p<0.05).  Of 472 randomized patients, 176
(37.3%) reported adverse events during the treatment period with similar frequency in the active and placebo arms.
The most frequent adverse events were lower respiratory system disorders (placebo: 20.1%; tiotropium 12.7% with
exacerbations being the most commonly reported), upper respiratory system disorders (placebo: 5.7%; tiotropium:
13.2%), and gastrointestinal system disorders (placebo 5.7%; tiotropium 9.6%, with dry moth being reported most
commonly).  The frequency of COPD exacerbations was lower in the tiotropium arm (5.7% versus 10.7% in the
placebo arm) and the frequency of asthma was similar in the groups (placebo: 3.3%; tiotropium 2.6%).  The
investigators concluded that tiotropium is safe and effective in patients with COPD and concomitant asthma
(observed spirometric improvements along with symptomatic benefit as evidenced by decreased use of rescue
salbutamol).  However, whether tiotropium was only treating the COPD component or had some effect on the
concurrent asthma could not be discerned.

Reference:

Mangussen H et al., Improvements with tiotropium in COPD patients with asthma. Respiratory Medicine.
2008;102:50-56.
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Cardiovascular Side Effects

During four one-year (two one-year placebo-controlled and two one-year ipratropium-controlled trials) and two six-
month placebo and salmeterol-controlled pivotal clinical trials with SPIRIVA HandiHaler, the incidence of cardiac
events in the system organ class (SOC) of “General Cardiovascular Disorders” (includes preferred terms such as
cardiac failure, cardiomegaly, and cor pulmonale) and “Myo-, Endo-, Pericardial and Valve Disorders” (includes
preferred terms such as angina, coronary artery disorder, myocardial ischemia, and myocardial infarction) was
generally low and balanced between the tiotropium groups and the control groups with the exception of cardiac
failure, which in the six-month trials appeared less frequently in those receiving tiotropium (no patients) compared to
six patients in the salmeterol groups (1.5%) and three patients in the placebo groups (0.8%).1,2

In the one-year placebo-controlled trials adverse events classified as “Heart Rate and Rhythm Disorders” (include
preferred terms such as arrhythmia, bradycardia, cardiac arrest, atrial fibrillation, palpitation, tachycardia and
supraventricular tachycardia) occurred in 4.4% (24 patients) of the tiotropium 18 mcg group and 2.2% (8 patients) of
the placebo group while in the one-year ipratropium-controlled trials the proportions were 3.9% (14 patients) in the
tiotropium group and 5.0% (9 patients) in the ipratropium group.  During the six-month trials, events classified as
“Heart Rate and Rhythm Disorders” occurred in 2.5% (10) of patients in the tiotropium and salmeterol groups as well
as 2.3% (9) patients randomized to receive placebo.

Cardiac events were responsible for a total of ten deaths in the one-year clinical trials and three deaths in the six-
month trials. The incidence of select cardiac adverse events related to “General Cardiovascular Disorders”, to “Heart
Rate and Rhythm Disorders”, as well as “Myo-, Endo-, Pericardial, and Valve Disorders” that occurred during the
one-year and the six-month trials is summarized in Tables 1 through 4.

Table 1. Incidence of selected cardiac adverse events form phase III one-year trials.1

Placebo-controlled Active-controlled
Tiotropium

N=550
Placebo
N=371

Tiotropium
N=356

Ipratropium
N=179Cardiovascular Event

% % % %
Arrhythmia 0.7 0.3 0 0.6
Angina pectoris 0.7 0.5 1.7 2.2
Angina pectoris,
aggravated 0.4 0 0.3 0.6

Atrial fibrillation 0.9 0.8 1.4 2.2
Cardiac arrest 0.2 0 0 0
Cardiac failure 0.9 1.1 0.3 0.6
Cardiac failure, right 0 0 0.6 0
Coronary artery disorder 0.7 1.1 0 0
Myocardial infarction 0.5 0.5 0.8 0.6
Tachycardia 0.7 0.3 1.1 0
Supraventricular
tachycardia 0.4 0.3 0 0
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Table 2.  Incidence of selected cardiac adverse events form phase III six-month trials.2

Tiotropium
N=402

Salmeterol
N=405

Placebo
N=400Cardiovascular Event

% % %
Angina pectoris 1.2 0 0.3
Angina pectoris,
aggravated

0 0.5 0

Atrial fibrillation 0.5 0.7 0

Cardiac arrest 0 0 0.5

Cardiac failure 0 1.5 0.8

Cardiac failure, left 0 0.2 0

Coronary artery disorder 0 0.2 0

Myocardial infarction 0.5 1.0 0.8

Myocardial ischemia 0.2 0 0

Tachycardia 1.0 0 0.3
Supraventricular
tachycardia

0.2 0.2 0

Ventricular tachycardia 0 0.2 0.3

Table 3. Incidence of selected serious, including fatal, cardiac adverse events form phase III one-year trials.1

Placebo-controlled Active-controlled
Tiotropium

N=550
Placebo
N=371

Tiotropium
N=356

Ipratropium
N=179Cardiovascular Event

% % % %
Serious
Arrhythmia 0.2 0 0 0
Angina pectoris 0.4 0.3 0.8 1.7
Angina pectoris,
aggravated 0.2 0 0 0

Atrial fibrillation 0.4 0.3 0 1.1
Cardiac arrest 0.2 0 0 0
Cardiac failure 0.7 0.8 0 0.6
Cardiac failure, right 0 0 0.3 0
Coronary artery disorder 0.7 0.8 0 0
Myocardial infarction 0.5 0.3 0.8 0
Tachycardia 0.2 0 0 0
Supraventricular
tachycardia 0.2 0 0 0

Fatal
Arrhythmia 0.2 0 0 0
Cardiac arrest 0.2 0 0 0
Cardiac failure 0.2 0.3 0 0
Coronary artery disorder 0.2 0.3 0 0
Myocardial infarction 0.2 0 0.8 0
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Table 4.  Incidence of selected serious, including fatal, cardiac adverse events form phase III six-month trials.2

Tiotropium
N=402

Salmeterol
N=405

Placebo
N=400Cardiovascular Event

% % %
Serious
Angina pectoris 0.2 0 0.3
Angina pectoris,
aggravated

0 0.5 0

Cardiac arrest 0 0 0.5

Cardiac failure 0 1.5 0.5

Cardiac failure, left 0 0.2 0

Coronary artery disorder 0 0.2 0

Myocardial infarction 0.2 0.5 0.8
Supraventricular
tachycardia

0.2 0.2 0

Ventricular tachycardia 0 0.2 0.3

Fatal
Cardiac arrest 0 0 0.5

Cardiac failure 0 0.2 0

Systemically administered anticholinergic medications may alter heart rate and rhythm.3  SPIRIVA is a long-acting
antimuscarinic agent, often referred to as an anticholinergic medication.  Administered by inhalation, SPIRIVA
binds to the muscarinic receptors in the bronchial smooth musculature and inhibit the cholinergic
(bronchoconstrictive) effects of acetylcholine, a neurotransmitter released from parasympathetic nerve endings.
Resulting bronchodilation after administration of SPIRIVA is a site-specific effect, not a systemic one, and it is
expected from the chemical structure of the compound (quaternary ammonium compound) that SPIRIVA is poorly
absorbed from the gastrointestinal tract (data on file, P).

To ascertain whether cardiac effects could be detected following inhalation of SPIRIVA, electrocardiographic (ECG)
evaluations were part of the safety monitoring throughout the clinical development program.  ECG and two-minute
rhythm strip data were collected as part of the four-week, multi-center, randomized, double-blind, placebo-controlled
study that evaluated the dose-response characteristics of SPIRIVA.4 Patients received either placebo (n=35) or 4.5
mcg (n=34), 9 mcg (n=33), 18 mcg (n=33), or 36 mcg (n=34) of tiotropium once daily.  A 12-lead ECG and a two-
minute rhythm strip were performed prior to drug administration and at one, three and five hours post drug
administration at the randomization visit and after one, two and four weeks of treatment . The fifteen ECG tracings
and rhythm strips which were done post drug were compared to the baseline tracing and rhythm strip performed just
prior to the first administration of study drug.  Any changes seen were changes normally associated among patients
with COPD and no differences were noted between placebo and the active treatment groups and, as expected for an
anticholinergic, there were no effects observed indicating an increase in QT interval.

Twenty-four hour Holter monitor data were collected as part of the six-week, multi-center, double-blind, placebo-
controlled (n=31) study of SPIRIVA 18 mcg inhaled once-daily in the morning (AM, n=37) or evening (PM, n=35)
in patients with COPD.5  Holter studies were performed prior to the first dose and following six weeks of treatment.
Patients remained in the clinic for the duration of the Holter studies.  None of the groups showed any substantial
difference in heart rate and no conduction problems were observed.  Additionally, SPIRIVA was not associated with
abnormal supraventricular rhythm disorders and no incidences of atrial flutter or fibrillation were observed.6

In the one-year placebo (n= 921) and one-year ipratropium-controlled (n=535) trials 12- lead ECGs were performed
at baseline and every 90 days for the duration of the trials.7,8  During the six-month salmeterol and placebo controlled



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 32

trials (n=1207) ECGs were performed at baseline and at the conclusion of the trials.9  ECG evaluations did not detect
any imbalances with regard to atrial fibrillation and supraventricular tachycardia after inhalation of SPIRIVA 18mcg
once daily.

In a multicenter, randomized, double-blind exercise tolerance trial that enrolled 198 patients with COPD, the number
of subjects with changes from baseline-corrected QT interval of 30-60msec was higher in the SPIRIVA group as
compared with placebo.10  This difference was apparent using both the Bazett (QTcB) [20 (20%) patients vs. 12
(12%) patients] and Fredericia (QTcF) [16 (16%) patients vs. 1 (1%) patient] corrections of QT for heart rate.  No
patients in either group had either QTcB or QTcF of >500msec. Other clinical studies with SPIRIVA did not detect
an effect of the drug on QTc intervals.

A prospective 12 week, parallel group, double-blind, randomized, placebo-controlled study involving 196 patients
with COPD (100 treated with tiotropium and 96 with placebo) assessed efficacy of SPIRIVA measured by FEV1 and
assessed cardiac safety by measuring 12 lead and Holter ECG monitoring.11  The safety results of this study conclude
that tiotropium was not associated with ECG changes in heart rate, rhythm, conduction, or QT intervals (including
the proportion of patients with changes between 30 – 60 msec) based on results from 12-lead and 24-hour Holter
monitoring.

During UPLIFT (Understanding Potential Long-term Impacts on Function with Tiotropium), which was a four-year
randomized, double-blind, placebo-controlled, parallel group clinical trial involving thirty-seven countries, adverse
events were collected at each study visit and patient safety was closely followed by an independent Data Safety
Monitoring Board.  The purpose of the UPLIFT trial was to determine whether treatment with SPIRIVA HandiHaler
reduces the rate of decline of FEV1 over time in patients with COPD.12 Following completion of the screening visit
(Visit 1), patients entered a 2- to 4-week screening period, at the end of which those who qualified were randomized
to tiotropium or placebo (Visit 2/Day 1). The use of all previously prescribed respiratory medications, other than
inhaled anticholinergics, was permitted if the prescriptions had not changed in the six weeks before randomization.
There were no restrictions for medications used to treat exacerbations. Also, the pharmacological treatment for
smoking cessation was allowed. All consented active smokers were advised by study personnel to discontinue
smoking and were offered a smoking cessation program (e.g., counseling sessions, patient education and supportive
literature); however, the participation in such a program was voluntary. Patients were seen one month after the
initiation of trial treatment (Visit 3), at three months (Visit 4), and every three months thereafter until study
completion (four years) or early discontinuation.  Following the double-blinded treatment phase, patients received
open-label ipratropium for 30 days. The final trial visit occurred 30 days after completion of the blinded treatment.
The incidence of adverse events reported in tiotropium and placebo groups were comparable: 92.6% and 92.3%,
respectively.  The serious adverse events reported by greater than 1% of patients were either of cardiac or respiratory
origin and were more frequent in the placebo group (Table 5).  Overall, serious adverse events were reported by
51.6% of tiotropium and 50.2% of placebo patients.
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Table 5. Serious cardiac adverse events incidence (per 100 pt-yrs) reported by >1% in any treatment group.12**

Serious Adverse Event Relative Risk
(Tio/Placebo) 95% CI

Cardiac System Organ Class (SOC) 0.84 0.73, 0.98*

   Angina 1.44 0.91, 2.26

   Atrial fibrillation 0.95 0.68, 1.33

   Cardiac failure 1.25 0.84, 1.87

   Cardiac failure congestive 0.59 0.37, 0.96*

   Coronary artery disease 0.58 0.33, 1.01

   Myocardial infarction 0.71 0.52, 0.99*
*P<0.05;    **excluding lung cancer (multiple different terms)

Summarized in Table 6 are the UPLIFT findings on the incidences of stroke and myocardial infarction.

Table 6. Incidence of myocardial infarction and stroke.12

Adverse Event Tiotropium
(N=2986)

Placebo
(N=3006)

Rate /100 pt-yrs Rate /100 pt-yrs

Risk
Ratio

95% CI

Myocardial Infarction 0.71 0.98 0.73 0.53,1.00
     Serious 0.69 0.97 0.71 0.52,0.99
     Fatal (on treatment-adj.) 0.10 0.09 1.04 0.40,2.69
Stroke 0.88 0.93 0.95 0.70,1.29
     Serious 0.70 0.73 0.97 0.69,1.37
     Fatal (on treatment-adj.) 0.13 0.15 0.85 0.39,1.87

The data collected during the UPLIFT trial shows that treatment with tiotropium was associated with no increased
cardiac morbidity risk, no increased stroke, or myocardial infarction risk,

Kesten S, et al. conducted a retrospective safety analysis for tiotropium.13 Data was pooled on adverse events from 19
randomized, double-blind, placebo-controlled trials with tiotropium in patients with COPD (17 studies) and
asthma (2 studies) using data available as of May 2004.  Heterogeneity of incidence rate ratios was examined by trial
prior to pooling.  Incidence rates of selected adverse events and Maentel-Haenszel incidence rate ratio estimates were
computed, and 95% confidence intervals were used for precision of effect estimates.  Patients were included in the
study until 30 days post-treatment (tiotropium, placebo) or until they had the event of interest, whichever came first.
The pooled population included 7,819 patients (4,435 tiotropium; 3,384 placebo), contributing 2,159 person-years of
exposure to tiotropium and 1,662 person-years of exposure to placebo.  Serious cardiac conditions, such as cardiac
arrest (RR, 0.90; 95%CI, 0.26 to 3.15) and myocardial infarction (RR, 0.74; 95%CI, 0.26 to 2.07) did not occur more
frequently with tiotropium.  The incidence of selected cardiac adverse events is summarized in Table 7 and the
occurrence of serious adverse events of cardiac origin is presented in Table 8.
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Table 7.  Selected cardiac adverse events form 19 pooled-controlled trials. *13

Tiotropium
(N=3521)

Placebo
(N=2469)Cardiovascular Event

Rate /100 pt-yrs Rate /100 pt-yrs

Risk
Ratio

95% CI

    Angina 1.19 1.07 1.17 0.57,2.36
    Atrial fibrillation 0.60 0.91 0.70 0.30,1.65
    Cardiac arrest 0.30 0.41 0.90 0.26,3.15

Ischemia 0.42 0.49 0.74 0.23,2.41
    Myocardial Infarction 0.48 0.66 0.74 0.26,2.07
    Other arrhythmias† 1.31 0.49 2.71 1.10,6.65
    Tachycardia 1.01 0.58 1.68 0.69,4.11

    Ventricular failure, right 0.30 0.08 2.38 0.24,23.1
8

    Ventricular failure, left 0.60 1.48 0.46 0.21,1.00
* Data are presented for two or more selected events in patients receiving tiotropium.
†‘Other arrhythmias’ include terms such as bradycardia, irregular hear beat, and extrasystole but not ventricular tachycardia/fibrillation or atrial
fibrillation.

Table 8. Selected serious, including fatal, adverse events form 19 pooled-controlled trials.13

Tiotropium
(N=4435)

Placebo
(N=3384)Cardiovascular Event

Rate /100 pt-yrs Rate /100 pt-yrs

Risk
Ratio

95% CI

Serious
    Angina 0.78 0.90 0.92 0.46,1.87
    Atrial fibrillation 0.23 0.90 0.27 0.10,0.77
    Cardiac arrest 0.28 0.48 0.68 0.23,1.97

Ischemia 0.51 0.90 0.58 0.26,1.30
    Myocardial Infarction 0.74 0.84 0.96 0.46,2.01
    Other arrhythmias†‘ 0.28 0.30 0.92 0.27,3.14
    Tachycardia 0.32 0.24 1.16 0.33,4.03
    Ventricular failure, left 0.74 1.44 0.59 0.31,1.11
    Ventricular failure, right 0.23 0.06 2.77 0.32,24.17
    Ventricular failure, left 0.74 1.44 0.59 0.31,1.11
    Ventricular tachycardia/
    Ventricular fibrillation 0.28 0.30 1.10 0.34,3.60

Fatal 0.51 0.96 0.57 0.26,1.26
   Cardiac arrest 0.18 0.42 0.50 0.14,1.76

Myocardial Infarction 0.14 0.06 2.65 0.26,27.13
    Other arrhythmias†‘ 0.05 0.06 0.75 0.04,15.74

†‘Other arrhythmias’ include terms such as bradycardia, irregular hear beat, and extrasystole but not ventricular tachycardia/
fibrillation or atrial fibrillation.

The current integrated clinical trial database includes 30 long-term and short-term randomized, double-blind,
placebo-controlled clinical trials with tiotropium.12,14  The integrated clinical trial population includes information
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on 19,545 patients from 30 clinical trials (10,846 tiotropium; 8,699 placebo), contributing 14,036 person-years of
exposure to tiotropium and 11,810 person-years of exposure to placebo.  The updated analysis reaffirms the
established long-term safety profile for anticholinergics.  There were a total of 212 patients with myocardial
infarction (RR, 0.78; 95% CI 0.59, 1.02) and 218 patients with stroke (RR, 1.03; 95% CI 0.79, 1.35), irrespective of
adverse event seriousness.  The results of the 30 pooled clinical trials analysis have not yet been published.

In conclusion, infrequent or rare associations with increases in heart rate may be observed with SPIRIVA.  The
SPIRIVA package insert states that atrial fibrillation and supraventricular tachycardia were reported with an
incidence of <1% during clinical trials as described above. Pooling of adverse event data from pre-approval and post-
approval clinical trials increases the precision of effect estimates and is consistent with the present safety profile of
tiotropium.
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Combined with Inhaled Corticosteroids

COPD treatment guidelines recommend initial treatment with inhaled bronchodilators. In addition to bronchodilator
therapy, inhaled corticosteroids (ICS) are often prescribed in patients with severe and very severe COPD. Tiotropium
is a once daily-inhaled anticholinergic for the treatment of COPD that elicits its effect through prolonged M3-receptor
antagonism. Hodder, et al. sought to determine the benefits of tiotropium and ICS combination therapy by
retrospectively reviewing two similar six-month double-blind, double-dummy trials during which COPD patients
were assigned to tiotropium 18 mcg once daily, salmeterol 50 mcg bid, or placebo.1  The  analysis  was  based  on
combining the trials and analyzing patients treated with ICS at the time of randomization separately from those
patients who were not receiving concurrent ICS therapy.  A detailed description of the two 6-month trials has
previously been published by Bruscaco et al. and Donohue et al.2, 3

Of 1207 patients who participated in the two 6-month trials, 796 were receiving ICS therapy.  Demographics and
characteristics of patients in the two groups (ICS users and ICS non-users) were similar.  At baseline, the ICS non-
users had slightly less airway obstruction and better health status scores than the ICS users.  The most commonly
used inhaled corticosteroids were fluticasone (41% of ICS users in the tiotropium, 36% in the salmeterol, and 44% in
the placebo arm, median daily dose of 1000 mcg), budesonide (33% of ICS users in the tiotropium, 35% in the
salmeterol, and 29% in the placebo group, median daily dose of 800 mcg), and beclamethasone (23% of ICS users in
the tiotropium, 25% in the salmeterol, and 22% in the placebo arm, median daily dose of 1000 mcg).  Of 168 ICS
users who withdrew from the studies, a significantly smaller number withdrew from the tiotropium and the
salmeterol arms compared with the placebo arm (17%, 19%, and 27%, respectively, P<0.05).  Also, significantly
fewer of the 68 ICS non-users who prematurely discontinued trial participation were from the tiotropium group
compared with the placebo arm (11% versus 23%, P<0.05).  The difference between the salmeterol and placebo
groups was not statistically significant.  The differences in the incidence of adverse events leading to patient
discontinuation were not statistically significant between the ICS users and non-users: tiotropium: 9% versus 4%,
salmeterol: 16% versus 13%, and placebo: 18% versus 15%, respectively.  The most common reason for patient
withdrawal among ICS users and non-users was worsening of COPD: tiotropium: 6% versus 3%, salmeterol: 12%
versus 6%, and placebo: 12% versus 10%, respectively.

Mean FEV1 in the ICS user subgroup was 1.08 liters (L) in patients randomized to tiotropium (n=259), 1.03L in the
salmeterol arm (n=278), and 1.09L in the placebo group (n=259).  Mean FEV1 values in the ICS non-user subgroup
were 1.18L in the tiotropium arm (n=135), 1.14L in the salmeterol group (n=120), and 1.07L in the placebo arm
(n=135).  After 169 days, morning pre-dose (trough) improvement in FEV1 above placebo among the ICS users was
110 20 ml for tiotropium and 80 20 ml for salmeterol (P=0.11 for tiotropium versus salmeterol, P<0.001 for either
active treatment versus placebo). Trough improvement in FVC above placebo was 220 40 ml for tiotropium and
130 40 ml for salmeterol (P<0.05 tiotropium versus salmeterol, P<0.001 either active treatment versus placebo).
The spirometric findings were similar in the ICS non-user subgroup; however, because of the smaller sample size
(n=360) and insufficient power, the statistical significance of the difference between the tiotropium and the
salmeterol arm could not be determined.

In the ICS user subgroup, compared with placebo, mean transition dyspnea index (TDI) focal score after 169 days
was higher in the tiotropium (1.03 0.4 units, P<0.01) than the salmeterol (0.57 0.4 units, not statistically
significant) arm. While the difference in the TDI focal score between the tiotropium and salmeterol groups was not
statistically significant at 169-day timepoint, only patients in the tiotropium arm achieved the minimal clinically
important difference of 1 unit.  In contrast, in patients not concurrently treated with ICS, the mean TDI focal score
after 169 days reached the clinically important difference of one unit in both the tiotropium and salmeterol arms;
however, this finding was statistically significant versus placebo only in the tiotropium group.

In addition, the percent of patients who experienced at least 1 exacerbation was lower in both tiotropium and
salmeterol arms compared with placebo (40%, 40%, 45%, respectively); however, the differences did not reach
statistical significance. The findings related to the reduction in the number of exacerbations in the ICS non-user
subgroup were similar.  Lastly, among the ICS users, changes in SGRQ total score relative to placebo were -3.27 1.2
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for the tiotropium (P<0.01) and -1.12 1.2 for the salmeterol (P>0.05) groups.  The difference between the tiotropium
and salmeterol arms was not statistically significant.  However, when compared to baseline, the change in SGRQ
score reached the accepted minimally important clinical difference of at least 4 units only in the ICS users receiving
tiotropium.  Among patients not receiving ICS, changes in SGRQ total score compared with placebo were -2.05 1.7
for tiotropium and -1.66 1.8 for salmeterol.  Neither finding reached statistical significance.

In summary, the post-hoc analysis by Hodder et al of COPD patients receiving concomitant inhaled steroids during
two 6-month clinical trials demonstrates that tiotropium provided benefits over salmeterol in lung function, dyspnea,
and quality of life.
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Formoterol Versus and in Combination with SPIRIVA

According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) Guidelines, regular treatment with
long-acting bronchodilators is more effective and convenient than treatment with short-acting bronchodilators and is
recommended as maintenance therapy. The guidelines further state that “combining bronchodilators may improve
efficacy and decrease the risk of side effects compared to increasing the dose of a single bronchodilator”.  Long-
acting inhaled bronchodilators now include two classes of medications: long-acting -adrenergic agonists and the
only currently available long-acting anticholinergic, SPIRIVA HandiHaler (tiotropium bromide inhalation powder).
Both classes are considered by the GOLD Guidelines to be first-line maintenance medications for COPD.
Anticholinergic inhalation therapy has a prominent place in many consensus statements.1,2

Studies have suggested that the once-daily anticholinergic tiotropium may be considered the bronchodilator of choice
for the maintenance therapy of COPD.  Cazzola et al. 3 designed a double-blind, double-dummy, cross-over,
randomized pilot study to compare the acute bronchodilator efficacy of a single dose of formoterol 12mcg with that of
tiotropium 18mcg in 20 patients with stable COPD.  The acute effects of adding tiotropium 18mcg to formoterol
12mcg were explored in this study to determine the potential for additive bronchodilation.  Serial measurements of
FEV1 were performed over 24 hours.  Formoterol, alone or in combination with tiotropium, produced a significantly
faster onset of action and showed a trend for a greater maximum bronchodilation than tiotropium alone.  At 24 hours,
mean FEV1 continued to be significantly higher than pre-dosing value following tiotropium and formoterol plus
tiotropium.  However, the study is limited as additional bronchodilator effects with tiotropium occur beyond the first
dose.  Pharmacodynamic steady state is attained within eight days.  Single dose studies for maintenance treatment
need to be interpreted with caution.

Once daily tiotropium 18mcg inhaled via the HandiHaler, twice daily formoterol 12mcg inhaled as dry powder, and
the once daily free combination of both drugs (tiotropium plus formoterol) were compared by van Noord et al.4 using
a 3-way, double-blind, crossover design of 6-week treatment periods.  Mean baseline FEV1 of the 74 randomized
patients was 1.05L (32% of predicted), mean age was 64.8 years.  Bronchodilator efficacy (FEV1, FVC) was assessed
at the end of each 6-week treatment period for a 24-hour observation period.  Tiotropium was superior to formoterol
during  the  day  for  FEV1 and FVC average (0-12 hours) as well as trough response; no difference was observed in
FEV1 and FVC average (12-24 hours).  The free combination of both drugs taken once daily appeared to be superior
to  the  single  drugs  for  most  of  the  endpoints,  except  for  FEV1 and FVC trough response, and average FVC (12-24
hours) in COPD patients with moderate to severe airflow obstruction.

Rabe KF et al.5 conducted a 6-week, multicenter, randomized, double-blind, quadruple-dummy, parallel group study
to compare efficacy and safety of tiotropium 18mcg once daily plus formoterol 12mcg twice daily (n=304) to
salmeterol 50mcg twice daily plus fluticasone 500mcg twice daily (n=301) in patients with COPD. Co-primary
endpoints were FEV1 area under the curve from 0 to 12 hours (FEV1 AUC0-12h) and peak FEV1 at  6  weeks.   In
addition to FVC AUC0-12h after  6  weeks  of  treatment,  morning pre-dose  FEV1 and FVC at 3 and 6 weeks were the
secondary efficacy endpoints.  The following spirometric criteria were inclusionary: Visit 1 post-bronchodilator FEV1

<80% of predicted and FEV1/FVC ratio <70% as well as Visit 2 pre-bronchodilator FEV1 65% of predicted. In
addition, patients had to be 40 years of age or older and have a smoking history of more than 10 pack-years.
Treatment with inhaled corticosteroids (ICS) within two months of screening and use of oral steroids within six
weeks of screening was exclusionary.  Prior to randomization, patients entered a two to 4-week run-in period the
duration of which was related to the pre-screening use of tiotropium (non-users entered a 2-week run-in period and
users, a 4-week one). The use of ICS, oral steroids (except for exacerbation management), tiotropium, -agonists and
anticholinergics other than the supplied rescue medication, and once-a-day theopylline preparations was not
permitted during the entire trial duration.  Pre-dose spirometric parameters were collected at 3 weeks.  After 6 weeks,
a 12-hour pulmonary function testing was performed.  Efficacy evaluation (intent-to-treat) comprised 592 patients:
297 in the tiotropium plus formoterol arm and 295 in the salmeterol plus fluticasone group. The treatment groups
were comparable with respect to demographic characteristics (approximately 70% male, mean age: 62 9 years,
median smoking history: 40 pack-years, and median duration of COPD: 75 months) as well as pulmonary function
(mean post-bronchodilator FEV1 approximately 55% of predicted mean post-bronchodilator FEV1/FVC ratio
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approximately 52% of predicted). At the end of the trial, tiotropium plus formoterol was significantly superior in
FEV1 AUC0-12 (78mL, P=0.0006) and peak FEV1 (103mL, p<0.0001) to salmeterol plus fluticasone.  Also,
tiotropium plus formoterol was significantly superior with respect to FVC AUC0-12h 173 mL, P<0.0001 and peak
FVC (214mL, P<0.0001). Both pre-dose FEV1 (P>0.05) and FVC (79mL, P<0.05) were higher in the tiotropium
plus formoterol arm.  3-week spirometry results were similar.  Overall, both treatments were well-tolerated.  Adverse
events were reported by 28.5% of patients in the tiotropium plus formoterol group and by 27.8% of patients
randomized to the fluticasone plus salmeterol arm. In each treatment group, COPD exacerbation and pharyngitis
were reported at the rate of 3%, four patients reported dry mouth, six patients experienced serious adverse events,
and one patient died (myocardial infarction, bronchial cancer).

During a 12-week, randomized, placebo-controlled, double-blind, parallel-group, multicenter study in current or ex-
smoker COPD patients aged  40 years, Tashkin and Varghese investigated whether the therapeutic effect of
treatment with formoterol in combination with tiotropium was greater than the effect of treatment with tiotropium
alone.6 Patients were randomized to receive either formoterol 12mcg twice daily plus tiotropium 18mcg once daily or
tiotropium 18mcg once daily in combination with placebo. The primary efficacy endpoint was the change from
baseline in the normalized area under the curve (AUC) for FEV1 measured 0 to 4 hours after the morning dose (FEV1
AUC0–4h) following 12-weeks of treatment. Comparisons of trough FEV1 and FVC (average of values 10 and 30
minutes pre-dose) and onset of change in FEV1 following the first dose were among the secondary efficacy endpoints.
The normalized FEV1 AUC0–4h was significantly increased in the formoterol plus tiotropium treatment arm (n=116)
compared with tiotropium alone group (n=124) at all time points. Mean treatment differences were both statistically
and clinically significant (>100ml change) at 4, 8, and 12 weeks. At the end of the trial, increases from baseline in
trough FEV1 and FVC observed in the formoterol plus tiotropium group (n=121) were significantly greater than those
in the tiotropium monotherapy arm (n=129).  The mean differences between the two treatment arms were 80ml for
trough FEV1 and 160ml for trough FVC (both P=0.004). In terms of FEV1 5 minutes post-dose, the increase was
significantly greater in the formoterol plus tiotropium group compared with tiotropium alone (180ml versus 40ml,
respectively; P<0.001). Both treatments were found to be well tolerated.

Another comparison trial evaluated bronchodilatory effects of formoterol, tiotropium, and formoterol plus tiotropium
versus placebo measured as 2 h post-dose FEV1 at the end of the 24-week treatment period.7   Also, information
regarding different levels of COPD exacerbation, from COPD-related “bad days”, defined as days with at least 2 out
of 5 symptoms in the patient diary recorded with a score of 2 or more, to COPD-related hospitalizations was
collected.8 After a 14-day run-in period, 847 patients with stable COPD (FEV1<70% predicted, FEV1/FVC<70%)
were randomized to one of the following treatment groups: (1) formoterol 10mcg twice daily via Certihaler™ Multi-
Dose Dry Powder Inhaler (n=210), (2) tiotropium 18mcg daily via the Handihaler® (n=221), (3) combination of
tiotropium and formoterol (n=207), or (4) placebo (n=209). Tiotropium was administered in an open-label fashion
while the administration of formoterol was double-blinded.  Compared with placebo, formoterol demonstrated rapid
onset of action as measured by increase in FEV1 5 min post dose on the first treatment day (100ml, P<0.001). After
24 weeks, combination therapy was superior to tiotropium alone (80ml difference in FEV1 at  5  min  post  dose,
P=0.013).  In terms of 2 h post dose FEV1 values, at the end of the 24-week treatment period and compared with
placebo, both formoterol and tiotropium showed statistically significant bronchodilation (170ml and 180ml increase,
respectively, both P<0.001).  The difference between formoterol and tiotropium treatment arms was not statistically
significant (p=0.855). Combination treatment provided greater bronchodilatory effect compared with placebo (2 h
post dose FEV1 increased by 240ml, P<0.001); however, the difference between the combination treatment and either
active monotherapy arm did not reach statistical significance (P 0.066). Compared with placebo, the active treatment
arms decreased the incidence of COPD-related “bad days” by approximately 8% (P 0.004). The percentage of
patients with COPD exacerbations warranting additional treatment was the lowest in the combination treatment arm
(6% versus 8% in the formoterol, 10% in the tiotropium, and 14% in the placebo treatment arm). The difference
versus placebo was statistically significant for formoterol and combination therapy. The differences in the percentage
of patients experiencing exacerbations resulting in hospitalization were not statistically significant in any of the
treatment arms (formoterol 0.5%, tiotropium 2.3%, combination therapy 1.4%, and placebo arm 1.4% of patients).
All four treatments appeared to be generally safe and well tolerated.
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Tashkin et al.9 sought to compare safety and efficacy of nebulized formoterol fumarate (Perforomist, 20mcg/2ml)
twice daily with nebulized placebo twice daily added to daily treatment with tiotropium 18mcg (FFIS/TIO versus
PLA/TIO) during a 6-week, randomized, double-blind, placebo controlled, parallel group study.  Prior to
randomization, patients received 18mcg tiotropium bromide daily for 7 to 14 days (run-in period).  PARI LC® Plus
jet nebulizer with PARI PRONEB® compressor was used to administered formoterol/placebo and tiotropium was
delivered via the HandiHaler® inhalation device. Tiotropium was administered before FFIS or PLA. The primary
efficacy endpoint was the standardized area under the curve for FEV1 over 3h (FEV1 AUC0-3) at the end of trial. Trial
participants were at least 40-years-old, current or ex-smokers diagnosed with COPD. The spirometeric inclusion
criteria at screening were post-bronchodilator FEV1 25% and <65% of predicted and FEV1/FVC ratio of <0.70. At
the randomization visit, pre-dose FEV1 <70% of predicted was required. During trial participation (both run-in and
double-blind period), the use of long-acting bronchodilators including anticholinergics, theophylline, nedocromil, or
cromolyn sodium was not permitted. Albuterol was provided as a rescue medication. At randomization and at the end
of trial, ECGs were performed pre-and post-dose, St. George’s Respiratory Questionnaire (SGRQ) was administered,
and spirometry was preformed at 5 and 30 min pre-dose as well as at 5, 30 minutes, 1, 2, and 3 hours post-dose.  A
baseline dyspnea index was administered at randomization and a transitional dyspnea index (TDI) at the end of trial.
Spirometric measurements, safety assessments, and collection of diary cards with self-report of study and rescue
medication use and symptom scores occurred at 1, 3, and 6 weeks.  In each treatment arm (FFIS/TIO n=67 and
PLA/TIO n=63), the mean age of patients was approximately 65 and about 70% of participants were male. There
were fewer current smokers in the PLA/TIO group (32%) compared with the FFIS/TIO group (42%). In general, the
two groups were balanced in terms of demographic characteristics and pulmonary function. The mean baseline pre-
dose FEV1 was 1.19L (38.4% of predicted).  The standardized absolute FEV1 AUC0-3 measured following the first
dose on Day 1 was significantly higher in the FFIS/TIO compared to PLA/TIO, 1.47L and 1.33L, respectively
(P<0.0001). Similar improvement in FEV1 AUC0-3 was also observed after 6 weeks of treatment (FFIS/TIO group:
1.52L and PLA/TIO group: 1.34L, P<0.0001). FVC AUC0-3 measured post-dose on Day 1 and after week 6 was also
found to be significantly greater in the FFIS/TIO group than in the PLA/TIO arm (P<0.0001).  An improvement in
lung function 5 minutes post dose on Day 1 and after 6 weeks was noted in the FFIS/TIO but not the PLA/TIO group.
Compared with PLA/TIO group, the use of rescue albuterol was also reduced in the FFIS/TIO arm starting during
Week 1 (at 6 weeks, P 0.0001).  From Week 3 to Week 6, total respiratory symptom scores were significantly
improved and fewer respiratory symptoms (shortness of breath, chest tightness, night-time awakenings) were
reported in the FFIS/TIO treatment arm compared with the PLA/TIO group. After 6 weeks of treatment, the mean
dyspnea scores were also significantly improved in the FFIS/TIO compared with PLA/TIO arm. The SGRQ scores
did not change significantly throughout the treatment period. However, the decrease in the 6-week versus baseline
SGRQ scores reached clinical significance (>4 units) in the FFIS/TIO group (P=0.04).  A total of 16 subjects
discontinued the study, 8 from each treatment arm. Fewer patients in the FFIS/TIO group reported at least one
adverse event compared with the PLA/TIO group (24 versus 40% of participants).  Of these adverse events 13% and
6% respectively were determined to be drug-related. The most commonly reported adverse events were COPD
exacerbation, cough, pulmonary congestion, nasopharyngitis, diarrhea, vomiting, and insomnia. Lab findings were
within normal limits with the exception of one patient in the FFIS/TIO arm who had decreased serum potassium.
While two patients from the FFIS/TIO and one from PLA/TIO group had maximum changes in QTcB interval

60ms, the changes in PR, RR, and QRS intervals were insignificant.

The body of clinical evidence supporting the concomitant use of anticholinergics and long-acting -agonists is
growing.  Safety concerns are not anticipated when adding SPIRIVA to a long-acting  -agonist beyond those
described with the individual monosubstances.
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INSPIRE Trial

INSPIRE (Investigating New Standards for Prophylaxis in Reducing Exacerbations) was a 2-year multicenter,
randomized, double-blind, double-dummy controlled trial.  Of note, tiotropium capsules had printing on the capsule,
which could be identified as tiotropium while the placebo capsules did not have the printing on the capsule.  As a
result, the tiotropium could be identified from the placebo and conclusions could be drawn regarding the contents of
the Diskus (active versus inactive).  Before randomization, patients discontinued all existing COPD maintenance
medications and received oral prednisolone 30 mg/day along with inhaled salmeterol 50 mcg twice daily for 2 weeks
(run-in period) to standardize their clinical condition.  Qualifying patients were randomized to inhaled salmeterol 50
mcg plus fluticasone propionate 500 mcg combination (SFC) twice daily by Diskus or tiotropium bromide 18 mcg
once daily via HandiHaler.  After randomization, in addition to study medication, patients were allowed short-acting
inhaled beta-agonists as rescue therapy and standardized short courses of oral systemic corticosteroids and/or
antibiotics as needed for treatment of COPD exacerbations.  Details of any COPD exacerbations, unscheduled health
care visits, and adverse events were recorded at 2, 8, and every 12 weeks thereafter.  Post-dose FEV1 and other
respiratory parameters were measured at weeks 2 and 8, and every 24 weeks thereafter with St. George’s Respiratory
Questionnaire (SGRQ) collected at weeks 32, 56, 80, and 104.

The inclusion criteria were as follows: patients aged 40 to 80 years with a smoking history of 10 or more pack-years,
a clinical history of COPD exacerbations, a post-bronchodilator FEV1 of less than 50% predicted, reversibility to 400
mcg salbutamol 10% or less of predicted FEV1, and a score of 2 or more on the Modified Medical Research Council
dyspnea scale.  Patients with any respiratory disorder other than COPD or who required daily long term oxygen
therapy (>12 h/d) were excluded from the trial.

The primary efficacy endpoint was the rate of health care utilization (HCU) exacerbations.  These were defined as
requiring treatment with oral corticosteroids and/or antibiotics or requiring hospitalization.  Secondary endpoints
included health status measured using SGRQ, post-dose FEV1, which was measured 2 h after inhalation of study
medication, and withdrawal rate from the trial.  All-cause mortality was considered an efficacy and safety endpoint.
To assess safety, all adverse events together with an oropharyngeal examination for evidence of candidiasis and
inspection of the volar aspect of the forearm for spontaneous bruises were documented.  Additionally, at weeks 0, 56,
and 104, electrocardiograms were performed.

Of 1,499 patients, 1,323 were randomized and used in the intent-to-treat analysis.  No difference was found between
estimated overall rates of exacerbations (SFC, 1.28/yr; tiotropium, 1.32/yr; P = 0.656).  Similarly, no difference was
observed between the study arms for the occurrence of exacerbations requiring hospitalization (16% for SFC arm and
13% for tiotropium arm, P = 0.085).  Exacerbations requiring antibiotics occurred less frequently in patients treated
with tiotropium (tiotropium, 0.82/yr; SFC 0.97/yr; P = 0.028) whereas those requiring systemic corticosteroids were
less frequent in the SFC arm (SFC, 0.69/yr; tiotropium, 0.85/yr; P = 0.039).

Mean SGRQ total score values at screening were 50.3 units for the SFC and 52.3 for the tiotropium treatment groups
and improved after the treatment during the run-in period to 48.0 and 48.2 units at baseline, respectively.  The total
SGRQ score was statistically significantly higher in the tiotropium group than the SFC group at Weeks 32, 56, 80,
and 104; however, this statistical difference did not reach the minimum clinically important 4-unit difference
between the treatment arms.  At Week 104, the percentage of patients who achieved a clinically important
improvement in SGRQ score was greater in the SFC than the tiotropium group (32% and 27%, respectively; P =
0.021).  No difference in adjusted mean FEV1 post-dose between the treatments was demonstrated at the completion
of the trial.

The INSPIRE investigators reported that mortality was significantly lower in the SFC treatment group; 21 (3%) of
SFC patients and 38 (6%) of those in the tiotropium group died (P = 0.032) during the study period.  It is important
to note that INSPIRE was powered for the efficacy endpoint but was not designed as a mortality trial.  There was no
independent adjudication of individual fatal cases and patients who did not complete the study were not followed up.
No definitive conclusions, therefore, can be drawn from the apparent differences between the two treatment arms.
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Overall safety findings, including fatal events, were consistent with a population of patients with severe and very
severe COPD.  The frequency of adverse events was similar in the two treatment arms with 66% of SFC patients and
62% of those receiving tiotropium reporting some adverse event.  COPD exacerbations were reported most
frequently.  The incidence of serious adverse events was lower with tiotropium.  SAEs were reported during
treatment by 30% of SFC-treated and 24% of tiotropium-treated patients.  Fatal events were reported in 38 (6%)
patients in the tiotropium group and in 21 (3%) patients in the SFC group.  The rate of pneumonia was higher in the
SFC group (8 versus 4% in tiotropium arm) and the hazard ratio for time to reported pneumonia was 1.94 (P =
0.008) for SFC compared with tiotropium over the 2 years.  The incidence of reported pneumonias that overlapped
with an exacerbation treated with antibiotics was 55% in the SFC group and 48% in the tiotropium group (i.e., the
other episodes were not given antibiotic treatment despite the report of pneumonia).  A total of 14 patients were
withdrawn from the study due to pneumonia (9 in SFC and 5 in tiotropium group).  Other adverse events of interest
(e.g., fractures, bruising, candidiasis) were infrequent.

Patients randomized to tiotropium were significantly more likely to withdraw from the study than those randomized
to SFC as evidenced by the estimated probability of withdrawing before Week 104 of 41.7% in the tiotropium group
and 34.5% in the SFC group (hazard ratio of 1.29, P = 0.005).  The reported withdrawal rates in the SFC and
tiotropium groups are shown in the table below. The details regarding the consent withdrawal have not been
disclosed.

SFC Arm – n (%) Tiotropium Arm – n (%)
Adverse event 67 (10.2) 66 (9.9)
Consent withdrawal 61 (9.3) 82 (12.3)
Loss to follow-up 15 (2.3) 13 (2.0)
Protocol violation 7 (1.1) 8 (1.2)
Failure to meet entry criteria 0 3 (0.5)
COPD exacerbation 37 (5.6) 51 (7.7)
Lack of efficacy 32 (4.9) 38 (5.7)
Other 13 (2.0) 17 (2.6)
Missing 0 1 (0.2)
Total 232 (35.3) 279 (42.0)

SPIRIVA has a well established efficacy and safety profile in patients with COPD.2 This has been demonstrated by an
extensive clinical trial program including over 10,000 patients, and almost eight million patients have benefited from
SPIRIVA since it was first introduced in 2002.3 In addition, the four-year, landmark study Understanding Potential
Long-term Impacts on Function with Tiotropium (UPLIFT) will report data in 2008.
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Salmeterol Plus Fluticasone Combined with SPIRIVA

A publication in the Annals of Internal Medicine reviewed the results of the Canadian OPTIMAL trial where the
combination of tiotropium with salmeterol or fluticasone-salmeterol was compared to tiotropium alone in improving
moderate to severe COPD. The study by Aaron SD et al. was a randomized, double-blind, placebo-controlled trial
conducted from Oct 2003 to January 2006 at 27 academic and community medical centers in Canada.  449 patients
with moderate to severe COPD participated receiving 1 year of treatment with tiotropium with placebo, tiotropium
with salmeterol, or tiotropium with fluticasone-salmeterol.  The primary endpoint was the proportion of patients who
experience a COPD exacerbation that required treatment with systemic steroids or antibiotics.1

The proportion of patients in the group that received tiotropium plus placebo who experienced an exacerbation
(62.8%) did not differ from that in the tiotropium plus salmeterol group (64.8%; difference, -2 percentage
points[95% CI, -12.8 to 8.8 percentage points] or the tiotropium plus fluticasone-salmeterol group (60.0%;
difference, 2.8 percentage points [CI, -8.2 to13.8 percentage points]. In sensitivity analyses, the point estimates and
95% confidence bounds shifted in the direction favoring tiotropium plus salmeterol and tiotropium plus fluticasone-
salmeterol. In analyses of secondary endpoints, tiotropium plus fluticasone-salmeterol improved lung function
(p=0.049) and disease-specific quality of life (p=0.01) and reduced the number of hospitalizations for COPD
exacerbations and all-cause hospitalizations compared with tiotropium. In contrast, tiotropium plus salmeterol did
not statistically improve lung function or hospitalization rates compared with tiotropium plus placebo.1

A limitation of the study was that more than 40% of patients who received tiotropium and tiotropium plus salmeterol
discontinued therapy prematurely, and many crossed over to treatment with open-label inhaled steroids or long-acting
beta-agonists.1

Adding fluticasone-salmeterol to tiotropium therapy did not statistically influence the incidence of COPD
exacerbations but did improve lung function, quality of life, and hospitalization rates in patients with moderate to
severe COPD.1

A pilot, double-blind, double-dummy, randomized, parallel group design trial to assess feasibility of adding an
inhaled corticosteroid to two long-acting bronchodilators was conducted by Cazzola et al.2  Ninety patients with well-
controlled COPD were enrolled into the trial.  Inclusion criteria required age of 50 or older, current smoking status or
a smoking history of at least 20 pack-years, a baseline FEV1 of less than 50% predicted, and a post-bronchodilator
FEV1/FVC < 70% predicted.  Exclusion criteria were as follows: current evidence of asthma as primary diagnosis,
unstable respiratory disease requiring oral/parenteral corticosteroid within 4 weeks prior to beginning the trial, upper
or lower respiratory tract infection within 4 weeks of the screening visit, unstable angina or unstable arrhythmias,
concurrent use of medications that affect COPD, and evidence of alcohol abuse.  At the end of the 2-week run-in
period, during which pre-trial COPD treatments (with the exception of stable theophylline regimens) were stopped,
patients were randomized into one of three treatment arms: (1) fluticasone/salmeterol 500/50 g combination (FSC),
(2) tiotropium 18 g, or (3) FSC 500/50 g + tiotropium 18 g.

After  4,  8,  and 12 weeks  of  therapy,  patients  returned to  the  clinic  for  study visits.   Trough FEV1 and FVC values
were measured, changes in the perception of dyspnea were assessed (through use of bipolar visual anagogic scale
[VAS]), and use of supplemental salbutamol was monitored.  The primary efficacy measure was the mean change
from baseline in pre-dose FEV1 after 3-month treatment.  Secondary efficacy endpoints included change from
baseline in VAS score and the use of supplemental salbutamol.

Eighty-one patients completed the trial (26 in the FSC arm, 26 in the tiotropium arm, and 29 in the FCS + tiotropium
arm).  At baseline, there were no significant (p<0.05) spirometric differences between the three treatment groups.
After 1 month, significant increases in trough FEV1 values were observed in all three groups (117mL in FSC, 74mL
in the tiotropium, and 115mL in the FSC + tiotropium arm).  The difference between the FEV1 improvements in the
FSC and tiotropium arms and that between the tiotropium and the FSC + tiotropium arms was statistically
significant, whereas the difference between the FSC and the FSC + tiotropium arms was not.  At the end of the trial,
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FEV1 values were improved above baseline by 140mL, 141mL, and 186mL in the FSC, the tiotropium, and the FSC
+ tiotropium arm, respectively.  All three increases reached statistical significance.  The difference between the
improvements in the FSC and tiotropium groups was not statistically significant; however, the differences between
the improvements in the FSC + tiotropium and the mono-component arms were statistically significant.  At the end
of the treatment, tiotropium and FSC + tiotropium arms showed greater improvements in dyspnea (measured by VAS
score) than those observed in the FSC arm.  All of the improvements were statistically significant when compared to
the baseline, but not significant when compared to one another.  The daily use of salbutamol was significantly lower
during the treatment period than the 2-week run-in, but similarly to the VAS scores, the differences between the three
treatment groups were not statistically significant.  Nonetheless, FSC + tiotropium group required fewer puffs of
salbutamol than the mono-component groups.  The investigators noted that the trial was likely underpowered to
detect statistically significant differences in the VAS scores and the use of salbutamol between the three treatment
groups.  They pointed out, however, that a trial in a larger patient population would potentially find these differences
to be statistically significant.

References:

1. Aaron SD, Vandemheen KL, Fergusson D, et al. Tiotropium in combination with placebo, salmeterol, or
fluticasone-salmeterol for treatment of chronic obstructive pulmonary disease, A randomized trial. Ann
Intern Med 2007;146:545-555.

2. Cazzola M, Andò F, Santus P, et al.  A pilot study to assess the effects of combining fluticasone
proprionate/salmeterol and tiotropium on the airflow obstruction of patients with severe-to-very severe
COPD. Pulm Pharmacol Ther 2007;20(5):556-561.



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 47

Salmeterol Plus Fluticasone Versus SPIRIVA

According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) Guidelines, bronchodilators are
central in the symptomatic management of COPD and are considered the first-line maintenance therapy for various
stages of COPD.1 In patients with moderate-to-very severe COPD whose dyspnea during daily activities is not
relieved despite treatment with as-needed short-acting bronchodilators, adding regular treatment with a long-acting
inhaled bronchodilator is recommended.1 Long-acting inhaled bronchodilators now include two classes of
medications: long-acting beta-adrenergic agonists (salmeterol and formoterol) and a long-acting anticholinergic,
SPIRIVA HandiHaler (tiotropium bromide inhalation powder). 1 In addition, the GOLD Guidelines recommend
regular treatment with inhaled corticosteroids in addition to long-acting bronchodilator (sympathomimetic or
anticholinergic) in patients with severe-to-very severe COPD and a history of repeated exacerbations.1

A pilot, double-blind, double-dummy, randomized, parallel group design trial to assess feasibility of adding an
inhaled corticosteroid to two long-acting bronchodilators was conducted by Cazzola et al.2 Ninety patients with well-
controlled COPD were enrolled into the trial.  Inclusion criteria required age of 50 or older, current smoking status or
a smoking history of at least 20 pack-years, a baseline FEV1 of less than 50% predicted, and a post-bronchodilator
FEV1/FVC < 70% predicted.  Exclusion criteria were as follows: current evidence of asthma as primary diagnosis,
unstable respiratory disease requiring oral/parenteral corticosteroid within 4 weeks prior to beginning the trial, upper
or lower respiratory tract infection within 4 weeks of the screening visit, unstable angina or unstable arrhythmias,
concurrent use of medications that affect COPD, and evidence of alcohol abuse.  At the end of the 2-week run-in
period, during which pre-trial COPD treatments (with the exception of stable theophylline regimens) were stopped,
patients were randomized into one of three treatment arms: (1) fluticasone/salmeterol 500/50mcg combination (FSC)
via Diskus twice-daily plus placebo via HandiHaler once daily, (2) tiotropium 18mcg via HandiHaler once-daily plus
placebo Diskus twice-daily, or (3) FSC 500/50mcg via Diskus twice-daily + tiotropium 18mcg via HandiHaler once-
daily.

After  4,  8,  and 12 weeks  of  therapy,  patients  returned to  the  clinic  for  study visits.   Trough FEV1 and FVC values
were measured, changes in the perception of dyspnea were assessed (through use of bipolar visual anagogic scale
[VAS]), and use of supplemental salbutamol was monitored.  The primary efficacy measure was the mean change
from baseline in pre-dose FEV1 after 3-month treatment.  Secondary efficacy endpoints included change from
baseline in VAS score and the use of supplemental salbutamol.

Eighty-one patients completed the trial (26 in the FSC arm, 26 in the tiotropium arm, and 29 in the FCS + tiotropium
arm).  At baseline, there were no significant (p<0.05) spirometric differences between the three treatment groups.
After 1 month, significant increases in trough FEV1 values were observed in all three groups (117mL in FSC, 74mL
in the tiotropium, and 115mL in the FSC + tiotropium arm).  The difference between the FEV1 improvements in the
FSC and tiotropium arms and that between the tiotropium and the FSC + tiotropium arms was statistically
significant, whereas the difference between the FSC and the FSC + tiotropium arms was not.  At the end of the trial,
FEV1 values were improved above baseline by 140mL, 141mL, and 186mL in the FSC, the tiotropium, and the FSC
+ tiotropium arm, respectively.  All three increases reached statistical significance.  The difference between the
improvements in the FSC and tiotropium groups was not statistically significant; however, the differences between
the improvements in the FSC + tiotropium and the mono-component arms were statistically significant.  At the end
of the treatment, tiotropium and FSC + tiotropium arms showed greater improvements in dyspnea (measured by VAS
score) than those observed in the FSC arm.  All of the improvements were statistically significant when compared to
the baseline, but not significant when compared to one another.  The daily use of salbutamol was significantly lower
during the treatment period than the 2-week run-in, but similarly to the VAS scores, the differences between the three
treatment groups were not statistically significant.  Nonetheless, FSC + tiotropium group required fewer puffs of
salbutamol than the mono-component groups.  The investigators noted that the trial was likely underpowered to
detect statistically significant differences in the VAS scores and the use of salbutamol between the three treatment
groups.  They pointed out, however, that a trial in a larger patient population would potentially find these differences
to be statistically significant.
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Results of another pilot trial were reported by Bateman et al.3 It was a 6-week, multicenter, randomized, double-
blind, triple-dummy, parallel group, study comparing bronchodilatory effects of once-daily tiotropium versus twice-
daily salmeterol plus fluticasone combination. The study was conducted at 12 centers in South Africa. To meet the
inclusion criteria, male or female patients had to be at least 40 years-old, have a diagnosis of COPD with post-
bronchodilator FEV1 <80% predicted, FEV1/FVC <70% predicted at screening, and pre-dose FEV1 65%predicted at
baseline (Day 1), and have smoking history 10 pack-years. The following criteria were exclusionary: history of
asthma, allergic rhinitis or atopy, blood eosinophil count 600/mm3, respiratory tract infection in the last six weeks,
myocardial infraction in the last six months, cardiac arrhythmia requiring drug therapy, heart failure in the past year
or pulmonary edema, regular daytime use of oxygen, use of oral or inhaled steroids alone or in combination with a
long-acting beta-agonist in the past three months, or any other significant disease.

The primary efficacy endpoint was the average FEV1 area under the curve from pre-dose to 12 hours post-dose
(AUC0-12h) on Day 43. Secondary endpoints were trough FEV1 on Days 22 and 43 as well as peak FEV1 on Day 43.
Following a 2-week run-in period, qualified patients were randomized (1:1 ratio) to 6 weeks of therapy with
tiotropium 18mcg once-daily via HandiHaler® or a combination of salmeterol 50mcg plus fluticasone 250mcg
delivered via separate metered dose inhalers. During the course of the trial, use of anticholinergics, beta-agonists
other than the provided rescue medication (salbutamol), antileukotrienes, oral or inhaled corticosteroids, long-acting
theophylline preparations, or any other investigational drug was not allowed.  However, use of twice-daily
theophylline preparations and mucolytic agents was permitted if patients had been on stable doses for at least 6 weeks
prior to the study participation. Also, for treatment of COPD exacerbations, increased doses of theophylline for 7
days, oral corticosteroid bursts for 14 days, or antibiotics if appropriate were permitted. Patients recorded the use of
the rescue medication on their diary cards. Vitals were monitored and information about adverse effects collected at
each study visit.

At screening and/or at randomization, FEV1 and FVC parameters were collected before and 60 min after four puffs of
ipratropium (20 mg/puff) and four puffs of salbutamol (100 mg/puff). In addition, spirometric measurements were
performed immediately before dosing on Days 1 (baseline), 22 and 43 and at 0.5, 1, 2, 3, 4, 6, 8, 10, and 12 hours
after dose on Day 43. Of 107 patients, 56 were randomized to receive tiotropium and 51 to salmeterol plus fluticasone
arm. The two treatment groups were not comparable with respect to several baseline characteristics including
smoking history (longer in tiotropium patients), number of current smokers (greater in the tiotropium arm), and
FEV1 as well as FVC (both lower in the tiotropium group).  As a result, there was a randomization bias against
tiotropium. On Day 43, there was no significant difference in the mean FEV1 AUC0-12h between the tiotropium group
and the salmeterol plus fluticasone arm (1.55L and 1.57L, respectively, P=0.63). Mean trough FEV1 was
significantly greater in the salmeterol plus fluticasone arm than in the tiotropium group on Day 22 (1.55L 0.03
versus 1.46L 0.03, respectively, P=0.03); however, this significance was not sustained through Day 43 (1.54L 0.03
versus 1.46L 0.03, respectively, P=0.07). Similarly, the difference between peak FEV1 values  on  Day  43  was  not
significant (1.66L 0.04 versus 1.68L 0.03, respectively, P=0.77). The average use of rescue medication was
comparable in the two treatment arms: 1.99 inhalations per day in the tiotropium group versus 2.03 inhalations per
day in the salmeterol plus fluticasone group at baseline and for the duration of the trial (P>0.05).

The percentage of patients who experienced adverse events was similar: 41.1% in the tiotropium and 43.1% in the
salmeterol plus fluticasone arm. The following non-serious adverse events were considered to be study drug-related:
dry mouth (3.6% versus 3.9%), oropharyngeal candidiasis (0% versus 2.0%), and throat irritation (0% versus 3.9%)
in the tiotropium and salmeterol plus fluticasone arms, respectively. Serious adverse events occurred in 3.6% of
patients receiving tiotropium and 2.0% of patients randomized to salmeterol plus fluticasone; however, none of the
serious adverse events were considered to be study drug-related. One patient (2.0%) in the salmeterol plus fluticasone
group discontinued trial participation as a result of an adverse event. Finally, the differences in vital signs between
the two treatment groups were not clinically relevant.

The results of these two trials are comparable and indicate that bronchodilation associated with once-daily tiotropium
(18mcg) therapy is comparable to that observed with twice-daily salmeterol (50mcg) plus fluticasone (250 or 500
mcg) combination.  However, additional large, long-term trials are still needed to ascertain these findings.
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UPLIFT Trial Results

The purpose of the UPLIFT (Understanding Potential Long-term Impacts on Function with Tiotropium) clinical trial
was to determine whether treatment with SPIRIVA HandiHaler reduces the rate of decline of FEV1 over time in
patients with COPD.  It was a four-year randomized, double-blind, placebo-controlled, parallel group clinical trial
involving thirty-seven countries (approximately 500 investigational sites), which enrolled approximately 6000
patients, with approximately 3000 receiving SPIRIVA.1,  2 Both treatment groups were permitted the use of all other
inhaled respiratory medications except for inhaled anticholinergics.

The  co-primary  endpoints  were:  (1)  the  yearly  rate  of  decline  in  trough  FEV1 from Day 30 (steady state) until
completion of double-blind treatment.  Trough FEV1 is the pre-dose value measured approximately 24 hours after the
previous dose of study drug.  (2) the yearly rate of decline in FEV1 90 minutes after study drug and ipratropium
administration (including 30 minutes post albuterol) from Day 30 (steady state) until completion of double-blind
treatment.1 Secondary endpoints included: (1) Mean yearly rate of decline in forced expiratory volume in one second
(FEV1), forced vital capacity (FVC) and slow vital capacity (SVC) 90 minutes post ipratropium, including 30
minutes post albuterol inhalation, from Day 1 until completion of the trial (30 days post study treatment); (2) Mean
yearly rate of decline in FVC and SVC 90 minutes after study drug and ipratropium administration (including 30
minutes post albuterol) from Day 30 until completion of double-blind treatment; (3) Mean yearly rate of decline in
FEV1, FVC and SVC prior to ipratropium and albuterol inhalation from day 1 until completion of the trial (30 days
post study drug treatment);  (4) Mean yearly rate of decline in trough FVC and SVC from Day 30 until completion of
double-blind treatment (trough FVC and SVC are the pre-dose values measured approximately 24 hours after the
previous dose of study drug); (5) Frequency of COPD exacerbations; (6) Time to first exacerbation; (7)  Number of
patients with COPD exacerbations; (8) Number of exacerbation days; (9) Number of patients with COPD
exacerbations leading to hospitalizations; (10) Time to exacerbation leading to hospitalization; (11) Number of
hospitalizations for exacerbations; (12) Number of days hospitalized for COPD exacerbations;  (13) Mean yearly
decline in SGRQ total score; (14) Mortality (respiratory and all-cause); (15) Adverse events.1

Patients were recruited into the trial if they were at least 40 years-old, had a clinical diagnosis of COPD, current or
ex-smokers with a smoking history of 10 pack-years, a maximal post-bronchodilator FEV1 70% of predicted
(European Community for Coal and Steel criteria3), FEV1/FVC ratio 70%, and the ability to perform satisfactory
spirometry.  Presence or absence of reversibility was not a determining factor. The following exclusion criteria
included: respiratory infection or an exacerbation of COPD in the four weeks prior to screening, a history of asthma
or thoracotomy with pulmonary resection, use of supplemental oxygen >12 hours per day, or a significant disease
other than COPD which, in the opinion of the investigator, may have influenced the results of the study or the
patient’s ability to participate in the study.

Following completion of the screening visit (Visit 1), patients entered a 2- to 4-week screening period, at the end of
which those who qualified were randomized to tiotropium or placebo (Visit 2/Day 1).1 The  use  of  all  previously
prescribed respiratory medications, other than inhaled anticholinergics, was permitted if the prescriptions had not
changed in the six weeks before randomization. There were no restrictions for medications used to treat
exacerbations. Also, the pharmacological treatment for smoking cessation was allowed. All consented active smokers
were advised by study personnel to discontinue smoking and were offered a smoking cessation program (e.g.,
counseling sessions, patient education and supportive literature); however, the participation in such a program was
voluntary. Patients were seen one month after the initiation of trial treatment (Visit 3), at three months (Visit 4), and
every three months thereafter until study completion (four years) or early discontinuation.  Following the double-
blinded treatment phase, patients received open-label ipratropium for 30 days. The final trial visit occurred 30 days
after completion of the blinded treatment.  The clinical trial design is depicted in Figure 1. Patients reported their
smoking status at each visit. Safety data was monitored annually by an independent Data and Safety Monitoring
Board (DSMB), which consisted of two pulmonologists, a cardiologist and, a biostatistician not associated with the
study. As part of the mortality assessment, a Mortality Adjudication Committee was established to independently
assess the cause of each death in the study.1
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Spirometry was performed at screening and at 6-month intervals, pre- and post-bronchodilator, until the completion
of the trial participation. After the pre-bronchodilator spirometry, four puffs of ipratropium bromide (80 mcg via
MDI) were administered and four puffs of albuterol (400 mcg via MDI) 60 minutes later. The post-bronchodilator
spirometry was performed 90 minutes after administration of ipratropium and 30 minutes after albuterol inhalation
(see Figure 2). Following the randomization, the study drug was administered immediately before ipratropium and
albuterol.  The SVC was performed first, followed by the FVC.  Identical spirometry systems with customized, study-
specific software were used by all sites in order to standardize the spirometry. After each maneuver, the spirometry
software provided immediate feedback regarding the acceptability and reproducibility (per ATS standards4). All
maneuvers were stored electronically and transmitted for centralized quality assurance review.

Figure 1.  UPLIFT: clinical trial design.

SGRQ, St. George’s Respiratory Questionnaire
*Patient diary contains information on exacerbations, concomitant therapies, smoking status and adverse events since preceding visit.

Figure 2.  Timing of study drug, ipratropium, and albuterol administration for pre- and post-bronchodilator
spirometric evaluations at and following randomization.

Detailed information on COPD exacerbations and associated hospitalizations was collected at each study visit using a
case report form specifically designed to capture all aspects of the COPD exacerbation(s).  A COPD exacerbation was
defined as an increase or new onset of more than one of the following respiratory symptoms: cough, sputum, sputum
purulence, wheezing, dyspnea, with a duration of three or more days requiring treatment with an antibiotics and/or
systemic (oral, intramuscular or intravenous) steroids.  Exacerbations were categorized as mild, moderate or severe
according to the following definitions:

Mild – treated at home without seeing a healthcare professional.
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Moderate – requiring a visit with a healthcare provider (e.g., home visit, visit to an outpatient facility or an
emergency department but not requiring a hospital admission).
Severe – hospitalization (an emergency department stay >24 hours is considered a hospitalization).1

St. George’s Respiratory Questionnaire (SGRQ) was used to assess health-related quality of life status.5 To  help
ensure consistent understanding of the questionnaire at all study centers located in multiple countries, the SGRQ was
administered in 27 different languages (all versions validated). Patients completed SGRQ prior to spirometry during
the randomization visit and then every six months until completion of the double-blind phase of the study.

A random sample of 758 patients per group was determined to be needed to detect a difference of 15mL in the rate of
decline between tiotropium and placebo at 5% level of significance and 90% power. For the primary analysis,
patients need to have at least three observations from Day 30. Further, assuming a withdrawal rate of 35% and to
allow for adequate sub-group analyses with adequate power, the sample size was determined to be 2,916 per
treatment group. The primary endpoints were compared between the two treatment groups by performing random
coefficient regression analysis. All randomized patients with at least three spirometry measurements on 3 separate
test days per study protocol after randomization (corresponding at least one year of spirometry data) were included in
this analysis.  The effects of patients’ baseline FEV1,  age,  gender,  and smoking status  on  the  rate  of  FEV1 decline
were also investigated.  The secondary spirometric endpoints and SGRQ total score were analyzed using the same
approach.  The number of exacerbations, associated hospitalizations, and exacerbation and hospitalization days per
patient were normalized by extent of exposure and compared between the two treatment groups.  The time to first
exacerbation and associated hospitalization were also analyzed.

Trial participants were recruited between January 2003 and March 2004 and the trial was completed in February
2008. Over 8000 patients were screened and 5993 were randomized.6 Of those randomized, 4383 (73%) completed 2
years, 3891 (65%) completed 3 years, and 3569 (60%) completed at least 45 months of trial.  The median duration of
treatment was 1436 and 1435 days in the tiotropium and placebo arms, respectively. A lower percent of patients did
not complete at least 45 months of treatment in the tiotropium group (36.2%) than in the placebo arm group (44.6%,
P<0.001).

The study groups were well balanced with respect to baseline characteristics and use of concomitant respiratory
medications. The mean age was 65±8 years, approximately 75% of patient population was male and 30% were
current smokers. The majority of trial participants were classified as having stage II (moderate) or III (severe) COPD
(according to criteria of the Global Initiative for Chronic Obstructive Lung Disease [GOLD)].  Specifically, 46% of
patients were classified as having stage II, 44% had stage III, and 9% of patients had stage IV disease. Over 90% of
patients were receiving respiratory medications at baseline, which included long-acting beta-agonist and inhaled
steroid (alone or in combination) use by 60% and 62%, respectively, in both treatment arms. Approximately 45% of
patients were using short-acting anticholinergics at baseline. It is important to note that usual care prescription
patterns reflecting current practices (other than non-treatment inhaled anticholinergics) were allowed in both the
tiotropium and placebo arms. During the study, short-acting anticholinergics were only permitted for treatment of
exacerbations if the physician deemed them necessary. In evaluating the use of maintenance medications during the
study, an increase to about 72% use of long-acting beta-agonists and 74% use of inhaled steroids (alone or in
combination), was seen in both the tiotropium and placebo groups.

The mean pre- and post-bronchodilator baseline spirometry results are summarized in Table 1.
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Table 1. Mean pre- and post-bronchodilator baseline spirometry results6.

Pre-Bronchodilator Post-Bronchodilator
 Parameter Tiotropium

(N=2986)
Placebo

(N=3006)
Tiotropium
(N= 2986)

Placebo
(N=3006)

FEV1 (L) 1.10±0.40 1.09±0.40 1.33±0.44 1.32±0.44

FEV1 (% predicted) 39.5±12.0 39.3±11.9 47.7±12.7 47.4±12.6

FVC (L) 2.63±0.81 2.63±0.83 3.09±0.86 3.09±0.90

FEV1/FVC Ratio 42.4±10.5 42.1±10.5 43.6±10.8 43.3±10.7
Plus–minus values are means ±SD.

Efficacy

Table 2 shows the results of the annual rate of decline in the mean FEV1 (co-primary endpoints) and FVC, and SVC
(secondary endpoints) values, pre- and post- bronchodilation from Day 30 until completion of the double-blind
treatment (including 30 days after discontinuation of randomized treatment). The treatment set included patients with

3 post-randomization measurements. There were no statistically significant differences between tiotropium and
placebo groups in the mean annual rate of decline.

Table 2. Annual rate of decline in mean FEV1, FVC, and SVC parameters pre- and post-bronchodilation (from Day
30 until the end of the study, including 30 days after randomized treatment).

Tiotropium (mL/yr) Placebo (mL/yr) Difference
 Parameter

N Mean±SE N Mean±SE Mean±SE
P-value*

FEV1

Pre-bronchodilator 2557 30±1 2413 30±1 0±2 0.95

Post-bronchodilator 2554 40±1 2410 42±1 -2±2 0.21

FVC

Pre-bronchodilator 2557 43±3 2413 39±3 4±4 0.30

Post-bronchodilator 2554 61±3 2410 61±3 1±4 0.84

SVC

Pre-bronchodilator 2531 47±3 2374 41±3 6±4 0.11

Post-bronchodilator 2527 66±3 2383 65±3 1±4 0.79
* P values are unadjusted

As depicted in Figures 3 and 4, compared with placebo, the mean FEV1 and FVC values pre- and post-
bronchodilation were significantly improved in patients receiving tiotropium and were maintained at all time points
after randomization. Compared with placebo, the mean increases in FEV1 in the tiotropium group for pre-
bronchodilator values ranged from 87 to 103 mL and those for post-bronchodilator ranged from 47 to 65 mL
(P<0.001). The mean increases in FVC in the tiotropium group, compared with placebo, for pre-bronchodilator
values ranged from 186 to 205 mL and those for post-bronchodilator values ranged from 31 to 65 mL (P<0.05).



BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
DRUG INFORMATION UNIT

Page 54

Figure 3. Mean pre- and post-bronchodilator FEV1 values.

*P<0.0001 vs. placebo. Repeated measure ANOVA was used to estimate means. Means are adjusted for baseline measurements.
Baseline trough FEV1 (observed mean) = 1.116L (trough), 1.347L (peak). Patients with 3 acceptable PFTs after day 30 were included in the
analysis

Figure 4. Mean pre- and post-bronchodilator FVC values.

Analyses of the mean pre- and post-bronchodilator annual rate of decline in FEV1 within pre-specified subgroups
(age, gender, smoking status, GOLD stage, region, race, reversibility, BMI, and use of concomitant medications) did
not show statistically significant differences between tiotropium and placebo except for the change in post-
bronchodilator FEV1 values in GOLD Stage II (moderate) subgroup (P=0.02).  Also, a post-hoc analysis within a
subgroup of patients who were not receiving either inhaled corticosteroids or long-acting beta-agonists at baseline
(N=1554) revealed a statistically significant difference in the rate of decline in post-bronchodilator FEV1 between
tiotropium and placebo groups in favor of tiotropium (40 3mL and 47 3mL, respectively; P=0.046).
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The rate of decline in the mean post-bronchodilator FEV1 was lower in patients who completed the study period
(38±1 ml per year in the tiotropium group and 40±1 ml per year in the placebo group) compared with those who
discontinued study participation (55±4 ml per year in the tiotropium group and 57±4 ml per year in the placebo
group).

The mean absolute change in SGRQ total score at all time points ranged from 2.3 to 3.3 units (P<0.001) in favor of
tiotropium; however, these scores are below the 4 units previously determined to indicate a minimally clinically
significant difference.7 The overall mean difference between the tiotropium versus the placebo group was 2.7 units
(95% CI, 2.0 to 3.3) in favor of tiotropium (P<0.001). As shown in Figure 5, there were larger percentages of
patients achieving the 4-unit improvement in SGRQ total score compared to Day 1 in the tiotropium group compared
with the placebo arm. The mean difference in the rate of decline of SGRQ scores between the tiotropium and placebo
groups was not significant from 6 months to the end of the study.

Figure 5. Percentage of patients with  4-unit improvement in SGRQ total score*.

All P-values <0.001; *compared to Day 1

As seen in Table 3, there was a significant reduction in the mean number of exacerbations in the tiotropium group
compared to the placebo group (14%, P<0.001). Tiotropium was associated with an 11% reduction in the mean
number of exacerbation days (P=0.001). Also, the median time to first exacerbation was significantly delayed, 16.7
months (95% CI, 14.9 to 17.9) in the tiotropium group compared to the placebo group, 12.5 months (95% CI, 11.5 to
13.8). There was also a significant delay in the time to first hospitalization for an exacerbation in the tiotropium
group (hazard ratio, 0.86; 95% CI, 0.78 to 0.95, P=0.002). Neither the number of hospitalizations nor the number of
hospitalization days per patient year, were statistically significant. The median time to first exacerbation treated with
steroids or antibiotics was longer in the tiotropium group than the placebo group: 36.5 (95% CI 34.1 to 39.2) and
19.8 (95% CI 18.3 to 21.0) months versus 26.4 (95% CI 23.7 to 29.4) and 16.2 (95% CI 14.6 to 17.3) months, for
tiotropium and placebo arms, respectively.
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Table 3. COPD exacerbations and related hospitalizations*.

Tiotropium Placebo
Relative Risk

Ratio for Tio vs.
Placebo

95% CI P-value

Exacerbations per patient-
year† 0.73±0.02 0.85±0.02 0.86 0.81, 0.91 <0.001

Exacerbation days per
patient-year† 12.1±0.32 13.6±0.35 0.89 0.83, 0.95 0.001

Exacerbation
hospitalizations per patient-
year†

0.15±0.01 0.16±0.01 0.94 0.82, 1.07 0.34

Exacerbation
hospitalization days per
patient- year†

3.17±0.17 3.13±0.17 1.01 0.87, 1.18 0.86

Total number of patients
with exacerbations
 no. (%)§

2001 (67.0) 2049 (68.2) N/A N/A 0.35

Number of patients with
exacerbations leading to
hospitalizations
 no. (%)§

759 (25.4) 811 (27.0) N/A N/A 0.18

* Plus-minus values are means ±SE.  N/A indicates not applicable.
† Relative risks calculated using Poisson regression corrected for treatment exposure and overdispersion.
§ These comparisons calculated using Fisher’s exact test.

Safety

Patient safety was closely followed by an independent Data Safety Monitoring Board during this study with vital
status (at least 45 months of follow-up, and patients who discontinued treatment) assessed in 98% of patients
receiving tiotropium and 97% of patients randomized to placebo. The incidence of adverse events reported in
tiotropium and placebo groups were comparable: 92.6% and 92.3%, respectively.  The most commonly reported
adverse events were related to the lower respiratory system and included COPD exacerbations, pneumonia, and
dyspnea.  Adverse events such as dry mouth and constipation, which are consistent with known anticholinergic
properties of tiotropium were also observed.  The incidence rate of adverse events reported by >3% of patients in any
treatment group during the treatment period (from first to last day of study drug + 30 days) is summarized in Table 4.
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Table 4.  Incidence rate (per 100 patient years) of patients experiencing adverse events reported by >3% of patients
in any treatment group during the treatment period (from first to last day of study drug + 30 days).

Adverse Event Placebo
n=3,006

Tiotropium
n=2,986

Rate Ratio
(Tio/Pla) 95 % CI

Abdominal pain 1.12 1.22 1.09 0.83, 1.43
Arthralgia 1.10 1.36 1.24 0.95, 1.62
Atrial Fibrillation 1.32 1.28 0.97 0.75, 1.26
Back pain 2.25 2.18 0.97 0.79, 1.18
Benign prostatic hyperplasia 1.12 1.32 1.18 0.90, 1.54
Bronchitis 2.82 2.57 0.91 0.76, 1.10
COPD exacerbations 45.5 38.0 0.84 0.79, 0.89
Cataract 1.45 1.30 0.90 0.70, 1.15
Constipation 1.29 1.63 1.26 0.99, 1.61
Cough 2.57 2.64 1.03 0.86, 1.24
Depression 1.14 1.42 1.25 0.96, 1.62
Diarrhea 1.43 1.50 1.04 0.82, 1.33
Dizziness 0.94 1.11 1.18 0.88, 1.58
Dyspnoea 5.49 4.09 0.75 0.65, 0.86
Headache 1.61 1.88 1.17 0.94, 1.47
Hypercholesterolemia 1.13 1.12 0.99 0.75, 1.31
Hypertension 3.45 3.08 0.89 0.75, 1.05
Influenza 1.87 1.73 0.92 0.74, 1.15
Insomnia 1.06 1.42 1.34 1.02, 1.75
Mouth dry 0.93 1.68 1.80 1.37, 2.36
Nasopharyngitis 4.06 4.33 1.07 0.92, 1.24
Nausea 1.09 1.00 0.91 0.69, 1.22
Edema 1.52 1.57 1.03 0.82, 1.31
Pneumonia 5.14 4.94 0.96 0.84, 1.10
Respiratory failure 1.39 0.94 0.67 0.51, 0.89
Rhinitis 1.32 1.09 0.83 0.63, 1.08
Sinusitis 1.90 2.14 1.12 0.91, 1.39
Upper respiratory tract infections 3.57 3.38 0.95 0.81, 1.11
Urinary tract infections 2.00 2.08 1.04 0.85, 1.28

The serious adverse events reported by greater than 1% of patients were either of cardiac or respiratory origin and
were more frequent in the placebo group (Table 5).  Overall, serious adverse events were reported by 51.6% of
tiotropium and 50.2% of placebo patients.
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Table 5. Serious adverse events incidence (per 100 pt-yrs) reported by >1% in any treatment group6**.

Serious Adverse Even Relative Risk
(Tio/Placebo) 95% CI

Cardiac System Organ Class (SOC) 0.84 0.73, 0.98*

   Angina 1.44 0.91, 2.26

   Atrial fibrillation 0.95 0.68, 1.33

   Cardiac failure 1.25 0.84, 1.87

   Cardiac failure congestive 0.59 0.37, 0.96*

   Coronary artery disease 0.58 0.33, 1.01

   Myocardial infarction 0.71 0.52, 0.99*

Respiratory (lower) SOC 0.84 0.77, 0.92*

   Bronchitis 1.20 0.73, 1.98

   COPD exacerbation 0.84 0.76, 0.94*

   Dyspnea 0.61 0.40, 0.94*

   Pneumonia 0.95 0.81, 1.11

   Respiratory failure 0.69 0.52, 0.92*
*P<0.05;    **excluding lung cancer (multiple different terms)

Summarized in Table 6 are the UPLIFT findings on the incidences of stroke and myocardial infarction.

Table 6. Incidence of stroke and myocardial infarction6.

Adverse Event Tiotropium
(N=2986)

Placebo
(N=3006)

N with
event

Rate /
100pt-yrs

N with
event

Rate /
100pt-yrs

Risk
Ratio

95% CI

Stroke 82 0.88 80 0.93 0.95 0.70,1.29
     Serious 66 0.70 63 0.73 0.97 0.69,1.37
     Fatal (on treatment-adj.) 12 0.13 13 0.15 0.85 0.39,1.87
Myocardial Infarction 67 0.71 85 0.98 0.73 0.53,1.00
     Serious 65 0.69 84 0.97 0.71 0.52,0.99
     Fatal (on treatment-adj.) 9 0.10 8 0.09 1.04 0.40,2.69

There was no increased risk in all-cause mortality.  Figure 6 shows Kaplan-Meier estimates of the probability of
death from any cause. During the four year trial period plus the 30-day follow-up period, there were 941 deaths
(intention-to-treat analysis, vital status information included). Of those, 14.9% occurred in the tiotropium arm and
16.5% in the placebo group (HR, 0.89; 95% CI, 0.79 to 1.02).  During the four year trial period alone (1440 days),
921 fatal events occurred (intention-to-treat analysis, vital status information included). Among those, 14.4% were in
the tiotropium group and 16.3% in the placebo arm (HR, 0.87; 95% CI, 0.76 to 0.99).
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Figure 6.  Kaplan-Meier estimates of the probability of death from any cause.

According to the on-treatment analysis, there were 381 fatal events (12.8% of patients) in the tiotropium arm and 411
(13.7% of patients) deaths in the placebo group (HR, 0.84; 95% CI, 0.73 to 0.97).  In the on-treatment group, there
were 24 cardiac deaths in the tiotropium group and 25 cardiac related deaths in the placebo group, all of which were
adjudicated.

The probability of trial discontinuation was higher in the placebo arm compared with the tiotropium group:  HR,
0.89; 95% CI, 0.85–0.94; P<0.001  (Figure  7).   Adverse  events  were  the  most  common  reason  for  trial
discontinuation with 24% of patients in the placebo arm and 21% of patients in the tiotropium group prematurely
discontinuing trial participation as a result.

Figure 7.  Probability of trial discontinuation.

In summary, the results of the UPLIFT trial, during which use of all previously prescribed respiratory medications,
other than inhaled anticholinergics, was permitted, show no effect on the rate of decline of pre- or post-
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bronchodilator FEV1 of tiotropium versus placebo. The mean FEV1 and FVC values pre- and post-bronchodilation
were significantly improved in patients receiving tiotropium compared with placebo and were maintained at all time
points after randomization. While improvement in FEV1, FVC, and SVC were maintained throughout the study,
there was no effect on the rate of decline of FVC and SVC. SGRQ total scores were improved throughout the study,
but the tiotropium group was similar to baseline after 4 years of treatment. There was a reduction in exacerbations
and hospitalizations.  The UPLIFT safety data show that treatment with tiotropium was associated with no increased
mortality risk, no increased cardiac morbidity risk, no increased stroke or myocardial infarction risk, no increased
lower respiratory morbidity risk, and no increased risk of respiratory failure.
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Use in Patients with Mild-to-Moderate COPD

A 12 week, randomized, double-blind, parallel group, multi-center study was conducted by Johansson and colleagues1

to evaluate the efficacy of tiotropium 18 mcg delivered via HandiHaler® in patients with mild COPD according to the
2003 Swedish Guidelines2 (mild to moderate COPD according to the 2007 GOLD guidelines3).  The  study  was
conducted in 27 centers in Sweden, from March 2004 to July 2005. Inclusion criteria were: age of at least 40 years, a
diagnosis of mild COPD according to the 2003 Swedish Guideline (post-bronchodilator FEV1/FVC <70 % and FEV1

60 % predicted); smoking history 10 pack-years, and a Medical Research Counsel (MRC) dyspnea score 2. The
following criteria were exclusionary: history of asthma; allergic rhinitis or atopy; blood eosinophil count 600/mm3;
lower respiratory tract infection or an exacerbation in the last six weeks; myocardial infraction in the last six months;
unstable cardiac arrhythmia; regular oxygen use; use of oral or inhaled steroids in the past three months or any other
significant disease.

The primary endpoint was change in FEV1 area under the curve from pre-dose to 2 hours after dose (AUC 0-2h) from
baseline  to  12  weeks.  Other  endpoints  were  trough  FEV1 and FVC, use of rescue medication, and adverse events.
After completing a screening visit, patients entered a two week run-in period.  Subsequently, on Day 1 of the study,
eligible patients were randomized to either placebo or tiotropium.  Spirometry was performed at screening, on Day 1,
15 (2 weeks), and 85 (12 weeks). Pre-dose measurements on Day 1 were considered baseline.  FEV1 and FVC were
collected 10 minutes before, 0.5, 1 and 2 hours after dose. Trough FEV1 and FVC were the pre-dose responses on
Day 15 and 85. Patients completed dyspnea and health-related quality of life (HRQL) questionnaires at the beginning
and at the end of the trial (Day 85). The severity of dyspnea was evaluated using baseline dyspnea index (BDI) and
the MRC dyspnea scale. Instead of using the transitional dyspnea index at the end of the trial,  BDI was used as an
exploratory measure. The European Quality of Life Questionnaire (EQ-5D) was used to assess the HRQL. During the
course of the trial, use of short-acting anticholinergics, beta-agonists other than the provided rescue medication
(salbutamol), oral or inhaled corticosteroids, and theophylline was not allowed.  However, for treatment of a COPD
exacerbation, corticosteroids and antibiotics for 2 weeks, or theophylline for 7 days were permitted. Patients
recorded adverse events, including COPD exacerbations, and the use of rescue medication.

There were 224 patients enrolled in this trial, with 107 randomized to the tiotropium group and 117 to placebo.
Majority of the trial participants had either mild or moderate COPD: 28.2% mild, 68.6% moderate, and 3.2% severe
(according to the 2007 GOLD guidelines). Baseline spirometric parameters of both groups were comparable. With
respect to demographic characteristics, the percentage of male patients in the tiotropium group was greater than in
the placebo arm (53% versus 43%, respectively). Also, about 57% of patients in the tiotropium group were current
smokers compared with 63% in the placebo group. The difference between tiotropium and placebo groups in adjusted
mean changes from baseline of spirometric parameters on Days 1, 15, and 85 is summarized in Table 1 below.

Table 1.  Adjusted mean change from baseline of spirometric parameters: tiotropium versus placebo group.

Day 1 Day 15 Day 85
Parameter (mL)

Difference P Difference P Difference P

FEV1 AUC0–2h 74 15 <0.0001 172 22 <0.0001 166 26 <0.0001

FVC AUC0–2h 89 27 <0.01 182 37 <0.0001 160 43 <0.001

Trough FEV1 NA NA 109 20 <0.0001 118 31 <0.001

Trough FVC NA NA 178 36 <0.0001 187 50 <0.001

During the trial, use of rescue medication decreased in both treatment arms. Patients in the tiotropium arm used
fewer inhalations of rescue medication in all 12 weeks of the trial and significantly fewer doses per day during Weeks
1  to  5  and  Week  9  than  patients  receiving  placebo  (P<0.05).  No statistically significant difference was observed
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between tiotropium and placebo in BDI focal score (BDI score in the tiotropium arm was numerically higher than
that in the placebo group), MRC dyspnea score, or the EQ-5D questionnaire total score.  Of note, the investigators
remarked about the following: (1) the trial was not powered to detect differences in HRQL (seen between placebo and
tiotropium groups in previous trials) or change in BDI, (2) its duration may have been too short to for any differences
in HRQL to become significant, and (3) use of a generic tool such as EQ-5D rather than a more sensitive, disease-
specific St. George’s Respiratory Questionnaire (SGRQ), may have not been ideal for detecting HRQL changes in
patients with milder COPD.

The incidence of adverse events was comparable in both study arms (46.7% in the tiotropium and 41.9% in the
placebo group). Two patients from the placebo group withdrew as a result of an adverse event. Bronchitis and COPD
exacerbation rates were lower in the tiotropium group compared with the placebo arm (0.9% versus 3.4% and 1.9%
versus 3.4%, respectively). However, cough and pneumonia were more frequent among patients randomized to
tiotropium (2.8% versus 1.7% and 2.8% versus none, respectively). Nasopharyngitis was the most frequently reported
upper respiratory system disorder. It was experienced by 15.9% of patients treated with tiotropium and 15.4% of
patients in the placebo group. Greater percentage of patients in the tiotropium arm experienced serious adverse events
compared with the placebo group (2.8% versus 0.9%, respectively); however, none of these events were considered to
be related to the study drug.

The investigators concluded that tiotropium improves lung function in patients with mild to moderate COPD,
although further studies are required to confirm the long-term benefit.
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